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CFIAFTER I 

INTRODUCTION AND BACKGROUND 

I n i t i a l  work a t  Texas A&M U n i v e r s i t y  on t h e  u s e s  of remote  s e n s i n g  

methods i n  oceanography s t a r t e d  w i t h  a  p r o j e c t  p r e v i o u s l y  known a s  t h e  

Space Oceanogra~hy  P r o j e c t  and was p a r t  of t 5 e  N a t i o n a l  Aeronau t ics  

and Space A d m i n i s t r a t i o n ' s  E a r t h  Resources Survey Program. Its pr imary 

g o a l  was t o  c o o r d i n a t e  o c e a n o ~ r a p h i c  a c t i v i t i e s  of t h e  Department of 

oceanography w i t h  remote sensor  f l i g h t s  of NASA a i r c r a f t .  The main 

exper imenta l  s i t e  was t h e  ou t f low r e g i o n  of t h e  l I i s s i s s i p p i  River  and ,  

i n  some c a s e s ,  some of t h e  ne ighbor ing  i s l a n d s .  Three  t y p e s  of a i r c r a f t  

were used i n  t h i s  s t u d y :  t h e  NASA 926 (Convair 240A); t h e  NASA 927 (P3A); 

and t h e  NASA T-38. l \ l u l t i s p e c t r a l  d a t a  were c o l l e c t e d  from t h e s e  a i r c r a f t  

through t h e  u s e  of p a s s i v e  s e n s o r s .  Ground t r u t h  was a c q u i r e d  from 

s u r f a c e  s h i p s ,  o i l  y l a t f o r m s ,  r i v e r  s t a t i o n s ,  and m e t e o r o l o g i c a l  s t a t i o n s  

i n  t h e  t e s t  a r e a s ,  

T h i s  work was p a r t  of a  g e n e r a l  s tudy  of t h e  Gulf of ?lexica sponsored 

by t h e  O f f i c e  of Naval Research under Cont rac t  2119(04) and i n c l u d e d  

(1)  t h e  d i s t r i b u t i o n  o u t £  low of t h e  l l i s s i s s i p p i  R i v e r ,  (2) t h e  r e l a t i o n - -  

s h i s  between lord c loud d e v e l o ~ m e n t  and ocean c i r c u l a t i o n ,  (3) t h e  

l o c a t i o n  of t h e  Gulf Loo? C u r r e n t ,  and ( 4 )  t h e  u s e  of remote s e n s o r s  i n  

su rvey ing  t h e s e  i>henomena, 

rhese s L ~ i d  ies , -ivr ' r f ~ n  r I t ~ - u r n 6 ~ 1 7 C a l  l r ~  d e t e r m i  n i n g  t r l c a  nature. or' 

t-he r r r r i  eili L \ r n  j ~ c  it 21 ,' \ 6  7 ' ~ > 1 1 7 ~  T L I  r j  yni~>J T>S f o ~  t l ~ ~  ~ + C L ' - ~ E  

g r o j e c t  1,ras obtained in I'la~, 1 9 6 9 ,  i i ~ r o u ? ' ?  r l ~ e  T i  Vaval Q r ~ a n o g r ~ n 1 1 i c  



(3 f f i ce  and is being adr:!inistered 17:~ I r1 - i~  'Cexas A&ff Research Foundatinn 

under Contract N62336-69--C-0263, 



CIlATTER I1 

OBJECTIVES AND APPROACII 

I n  t h e  c o u r s e  of our r e s e a r c h  i n  s p a c e c r a f t  oceanography a t  Texas 

A&ll U n i v e r s i t y ,  i t  has  become obvious  t h a t  many r e s e a r c h  programs cou ld  

hecome more p r o d u c t i v e  w i t h  improved communication and c o o r d i n a t i o n  w i t h  

tleir c o u n t e r p a r t s  i n  government and i n d u s t r y .  Many a i r b o r n e  exper iments  

have been made wi thou t  proper  p l a n n i n g .  T h i s  was p a r t i c u l a r l y  t r u e  w i t h  

r e s p e c t  t o  many of t,Ie e a r l i e r  a i r c r a f t  f l i g h t s .  Th i s  i s ,  of c o u r s e ,  t o  

be ex2ected i n  t h e  e a r l y  s t a g e s  of a  new s c i e n c e  and method of o p e r a t i o n .  

, ' i t h  t h e  coming f l i g h t s  of NASA a i r c r a f t  and planned s a t e l l i t e s ,  such 

a s  t h e  E a r t h  Zesources  Survey S a t e l l i t e s  and t h e  f u t u r e  Apol lo  A p p l i c a t i o n s  

V e h i c l e s ,  i t  becomes n e c e s s a r v  t o  c o o r d i n a t e  t o  a  z r e a t e r  d e g r e e  t h a n  

ever  b e f o r e  tile a i r c r a f t  and s p a c e c r a f t  suppor t  e f f o r t .  

Our ex:ierience h a s  shown t h a t ,  a l t h o u g h  i t  i s  n o t  o f t e n  done,  

proFer  u s e  of o c e a n o g r a ~ h i c  r e s e a r c h  v e s s e l s ,  buoys,  o f f s i l o r e  p l a t f o r m s ,  

ins t rumented  a i r c r a f t ,  commercial s h i p s ,  and c o a s t a l  oceanographic  and 

m e t e o r o l o g i c a l  s t a t i o n s  must be made t o  d e r i v e  maximum b e n e f i t  from t h e  

a i r c r a f t  and s a t e l l i t e  s e n s o r  sys tems ,  Our o v e r a l l  s p a c e c r a f t  oceano- 

graphv r e s e a r c h  programs s I ~ o u l d  be  s t u d i e d  i n  d e t a i l  and,  w i t h  b e t t e r  

c o o r d i n a t i o n ,  we can a l l  b e n e f i t  from i n c r e a s e d  q u a n t i t y  and q u a l i t y  of 

u s a b l e  d a t a .  

The o b j e c t i v e  of tiiis s t u d y  i s  co c le te rm~ne  the system n e c e s s a r y  t o  

rilpjmTt spdceciaf t ii 3e1-d t i  irlg J )  t ) c  e IIILJ;J ~ ~ 3 1 ; )  L(* 11~2 f I c Y ~ ~ ~  j 1 1  f he 

mid-1370's. The pre5en t  and f u t u r e  resources of r e s e a r c h  vessels, buoys,  



and scientikic personneL W I L L  he determined and related to these space- 

c r a f t  activities, 

During t h i s  f i s c a l  y e a r ,  we proposed t o  c o n t i n u e  t o  broaden our  

b a s e  of knowledge concerning t h e  o r e s e n t  s t a t e  of remote  s e n s i n g  

a p 2 l i c a t i o n s  i n  oceanography. Members of our  s t a f f  have had confe rences  

w i t h  i n v e s t i g a t o r s  i n  t h i s  program and a s c e r t a i n e d  t h e  s t a t e  of t h e i r  

i n v e s t i g a t i o n s ,  t h e  n a t u r e  of t h e  problems i n  conduct ing coord ina ted  

m i s s i o n s ,  and t h e  r e l a t i o n  of t h e i r  s t u d i e s  t o  s p a c e c r a f t  o p e r a t i o n s .  

Using t h i s  i n f o r m ~ t i o n ,  we 9roposed t o  d e f i n e  s p e c i f i c  o b j e c t i v e s  and 

p rocedures  whereby t h e s e  problems might be  f a c e d .  IJe would c o n t i n u e  t o  

p a r t i c i p a t e  i n  tilie oceanogra:>hic e v a l u a t i o n  of p:lotogra;>hy t o  be o b t a i n e d  

d u r i n g  Apollo s p a c e c r a f t  f l i g h t s .  



CIUPTER I11 

PROGRESS 

A .  Genera l  

I n  o r d e r  t o  b e  r e s p o n s i v e  t o  t h e  o b j e c t i v e s  of t h i s  c o n t r a c t ,  we 

have broadened our o u t l o o k  and c o n t a c t s  w i t h  t h e  s e v e r a l  s i m i l a r  

a c t i v i t i e s .  S e v e r a l  v i s i t s  were made t o  o t h e r  i n v e s t i g a t o r s  o p e r a t i n g  

under t!ie Naval Oceanographic O f f i c e .  A l i s t i n g  of t h e s e  t r i p s  i s  

shown under " S t a f f  T r a v e l s ' '  of t h i s  r e p o r t .  The purpose  of t h e s e  

c o n f e r e n c e s  was t o  g a i n  a n  i n s i g h t  i n t o  t h e  a c t i v i t i e s  and problem a r e a s  

of o t h e r s  i n  s i m i l a r  p r o j e c t s ,  It i s  our  f e e l i n g  t h a t  t h e  t ime  was w e l l  

s p e n t  i n  t h a t  i t  gave u s  a  g r e a t e r  a p p r e c i a t i o n  of  t h e  methods be ing  

employed by t h e  c u r r e n t  i n v e s t i g a t o r s .  

E a r l y  i n  t h e  program, c o n s i d e r a b l e  t ime was s p e n t  g a t h e r i n g  r e p o r t s  

and o t h e r  i n f o r m a t i o n  p e r t i n e n t  t o  t h e  p r o j e c t  work s t a t e m e n t .  Along 

w i t h  t h i s  a c t i v i t y ,  much e f f o r t  was p u t  f o r t h  i n  i n c r e a s i n g  t h e  h o l d i n g s  

of t h e  p r o j e c t  l i b r a r y  which now c o n s i s t s  of approx imate ly  1800 r e p o r t s ,  

r e p r i n t s ,  and p e r t i n e n t  p e r i o d i c a l s ,  

R e c e n t l y ,  each of t h e s e  i t e m s  was keyworded and f i l e d  i n  a  sys tem 

u s i n g  t h e  IBM "Port-a-Punch" c a r d s  f o r  t h e  r a p i d  r e t r i e v a l  of i n f o r m a t i o n .  

The system h a s  been p u t  t o  v e r y  good u s e  by n o t  o n l y  t h e  p r o j e c t  b u t  by 

s t a f f  members of o t h e r  p r o j e c t s .  In a d d i t i o n  t o  t h i s ,  we liave had r e q u e s t s  

for c v p ~ e s  of some of orrr I ; o l i i ~ ~ l g s ;  .lntl, i l l u s  i a l - ,  ire have been able t o  

f i l l  those without t o o  rnuctr difficulty. 



In o r d e r  t o  b e t t e r  d e f i n e  the p r o g r e s s  i n  each area, we h a v e  p r e p a r e d  

a  s u b s e c t i o n  f o r  e a c h ,  This, we f e e l ,  w i l l  a l l o w  b e t t e r  a p p r a i s a l .  



GHA?TER i 1 T - PROGRESS ( c o r ; ~  . ) 

B .  The P r e s e n t  S t a r u s  -- of t h e  lJses of '/iicror\~ave 
l n i n g f u l  -- Oceanographic Q b s e r v a t i o n s  -- 

I n t r o d u c t i o n  

Zeginning f ~ n  t h e  1 9 6 0 ' ~ ~  env i ronmenta l  s c i e n t i s t s  have been 

c o n s i d e r i n g  t h e  ~ ~ r o b l e m s  and ?respects invo lved  w i t h  t h e  a p p l i c a t i o n s  

of nlcrowave r a d l o n e t r y  t o  t h e i r  o b s e r v a t i o n a l  ; ? rob lens .  There  l ~ a v e  

been r e l a t i v e l y  few oceanographers  involved i n  t h e s e  s t u d i e s ;  and ,  

consequen t ly ,  oceanographic  a p ~ l i c a t i o n s  have Seen slow in t l i e i r  

develo;xnent. Even v o r s e ,  t h e  c l a i m s  t h a t  have beer: made abou t  t h e  

a p p l i c a t i o n s  of microwave rad iomete rs  have f a r  exceeded t h e  performances  

witnessec: t h u s  f a r  . This  r e p o r t  summarizes ti-:e c u r r e n t  s t a t e - o f - t h e -  

s c i e n c e  of ap;?lied microwave rad iomet ry  a:ld s u g g e s t s  c e r t a i n  c o u r s e s  of 

a c t i o n .  These conc lus ions  and recom~iendati .ons a r e  based on our  

c o l l e c t i v e  e q e r i e n c e  s i n c e  1966 and on i n f o r m a l  d i s c u s s i o n s  w i t h  

v a r i o u s  s c i e n t i s t s  and e n g i n e e r s  who a r e  invo lved  i n  microwave t h e o r y  

and n e a s u r e n e n t s .  

General  S c i e n t i f i c  Background 

The microwave p r o ? e r t i e s  of atlnosrjheric z a s e s ,  v a t e r ,  and s o l i d  

m a t e r i a l s  have  bee^ under s t u d y  Eor nany y e a r s ;  h o ~ ~ ~ e v e r ,  i t  was n o t  

u n t i l  t h e  t ime  of  SL'orld \Jar TI tlzat s e r i o u s ,  a n a l y t i c a l  s t u d i e s  were 

made. The main impetus f o r  t h e s e  s t u d i e s  was involved wit11 t h e  u s e s  

of  radar  f ~ r  detecti.on and tracking of aircraft and s i i i ; ! s ,  Retore this 

time, h i t v e v ~ r ,  t i le- ro i .7er~ i l ~ ; i l ? ~ l  ~(:i ~?i?t i f L C  HC!? evernen t~  ~iI1.lc11 !lave R 



S e a r i n g  on o7.jr i n v e s r i g a t i o n c  today, 

The many e m p i r i c a l  l a v s  of e l e c t r o m a g n e ~ i c s  were c o n s o l i d a t e d  i n  

t h e  ec-:uations of Maxwell (1892) a t  t h e  t u r n  of t h e  c e n t u r y .  These l e d  

t o  nany c l a s s i c a l  t r e a t m e n t s  of tile i n t e r a c t i o n s  between c e r t a i n  

c o n f i g u r a t i o n s  of e l e c t r o m a g n e t i c  xlaves and ~ r n r i o u s  si.mple m a t e r i a l  

s t r u c t u r e s .  Incli lded i n  t k e s e  a r e  t h e  lzws of r e f l e c t i o n  f o r  a  f l a t ,  

infinite, homogeneous d i e l e c t r i c  g i v e n  by F r e s n e l  and t h e  s o l u t i o n  t o  

t::c ;:,roblem of s c a t t e r i n g  and a b s o r p t i o n  by homogeneous d i e l e c t r i c  

spl ieres  f i r s t  c o n s o l i d a t e d  by ?fie (1908) .  

The i n i ~ o r t a n c e  of t h e s e  developments l a y  i n  t h e  f a c t  t h a t  n a t u r a l  

s u r f a c e s ,  such a s  :.rater o r  l a n d ,  may be  cons idered  a s  f l a t ,  !iomogeneous 

m a t e r i a l s  a s  a  f i r s t  a ? ? r o x i n a t i o n .  Also,  i n d i v i d u a l  d r o p l e t s  i n  w a t e r  

clc?uds ma>- be cons idered  a s  homogeneous s p h e r e s  a s  a  f i r s t  approx imat ion .  

I n  1931, .Tansky (1332) f i r s t  d e t e c t e d  t i lermal r a d i a t i o n  from e x t r a -  

t e r r ~ s t r i a l  s o u r c e s  a t  20.5 ?I:!z u s i n p  a crude  r a d i o  r z c e i v e r .  I n  1946,  

Dicke (1946) progosed a  method f o r  minimizins  t h e  e r r o r s  i n  rclicrowave- 

f requency neasurnmcnts of n a t u r a l l y - o c c u r r i n g  t 5 e r n a l  r a d i a t i o n .  T h i s  

metltod, ~ ~ ? l l i c h  i s  i n  use today ,  e n a b l e s  one t o  measure t h e  f i e l d  o f  

microi\rave rad l i a t ion  t o  an a b s o l u t e  accuracy of a b o t ~ t  1-3 p e r c e n t  and 

:~lStLi a  r e l a t i v e  s ~ n s i . t i v i t y  o: l e s s  t h a n  one p e r c e n t .  

Developments i n  t h e  1940 ' s  

The r e f l e c t i v a ,  s c a t t e r i n g ,  a b s o r p t i v e ,  and emiss ive  ? r o p e r t i e s  of 

iiiater d e y e n d  on . I - s  d i e l e c t r i c  co!lst.snt, i t s  c o ~ f i ~ u r a t i o n  a n d  t h e  

f r equency  of ra:Lii;-iricin. The fir:;t acc t i r ; i t e  !:ie;istire:nent:, of tile c i i e l ec t r l c  

i:onstant oT :-ure j ~ a t i i r  .r.ri?i-e ; . I < L ~ c :  1:v T,<l:ne ;in2 C:ixtnr:  ST?^ 1'i;ivi' been reported 



i i l  a. s e r i e s  of  exi?iil?Lary p a p e r s ,  e, g , ? see Saxton ( 1 9 4 G a j  llY45b, 1949,  

1952) ,  Saxton and Lane (1946, 1952a,  1.952b, 1952c) ,  and Lane and 

Saxton (1952a,  1 9 5 % ) .  The d i e l e c t r i c  c o n s t a n t  f o r  s o l u t i o n s  of sodium 

c h l o r i d e  and wa te r  were measured a l s o  i n  t h e  above.  It shou ld  be  no ted  

t h a t  a s  of t h i s  d a t e ,  no e x t e n s i v e  measurements of t h e  d i e l e c t r i c  c o n s t a n t  

of s e a  w a t e r  have been made. Thus,  s c i e n t i s t s  a r e  f o r c e d  i n t o  assuming 

t h a t  t h e  d i e l e c t r i c  p r o p e r t i e s  of aqueous sodium c h l o r i d e  and t h a t  of 

s e a  wa te r  a r e  t h e  same. Th i s  remains  t o  he  shorm. The d i f f e r e n c e s  a r e  

l i l i e l y  t o  b e  g r e a t e s t  f o r  f r e q u e n c i e s  belovr about  5  SHz i f  t h e  measure- 

ments on aqueous sodiuzl cl-:loride are any i n d i c a t i o n .  I n  a d d i t i o n ,  

I-lasted (1961) ,  Haste6 and E l -Sabe l l  (1953):  I-Iasted, R i t s o n  and C o l l i e  

(1948) ,  Hasted and ?.oderick (1958) ,  and C o l l i e ,  R i t s o n  and Hasted (1946) 

have measure2 t h e  d i e l e c t r i c  c o n s t a n t  of r a t e r  and aqueous sodium c h l o r i d e .  

T h e i r  measurements a g r e e  i n  s e n e r a 1  w i t h  t h o s e  of Lane and Sax ton .  

The r e s u l t s  of t h e s e  measurements shori t h a t  t h e  d i e 1 e c t r i . c  c o n s t a n t  

of water  and aqueous sodium c h l o r i d e  i s  complex and h a s  l a r g e  r e a l  and 

imaginary  p a r t s .  The main e f f e c t  of s a l t s  i n  t h e  s o l u t i o n  i s  t o  g r e a t l v  

i n c r e a s e  t h e  ohmic c o n d u c t i v i t y  of t h e  s o l u t i o n .  Tliis i n c r e a s e  i s  

e f f e c t i v e  o n l y  f o r  f r e q u e n c i e s  l e s s  t h a n  about  5 Gllz. I n  a d d i t i o n ,  t h e s e  

i n v e s t i g a t o r s  found t h a t  t h e  measurements could  be  f i t t e d  t o  a  s imple  

model pro?osed by Debye (1929) ,  Thus,  tfie d i e l e c t r i c  c o n s t a n t  f o r  w a t e r  

and a;ueous sodium c h l o r i d e  may be  p r e d i c t e d  for anv microwave f requency  

a s  a  f u n c t i o n  of t l l r ee  v a r i a b l e s - - t i l e  s t a t i c  r e l a t i v z  p e r m i t t i v i t y  ( E  ) , 
S 

- 1 
tile r t i laxatiorz tjine ( 7  s e c )  , arid tiie iociic ~ o n d ~ c t i i i i t : ~  (0; mhos, m } a 

0 ) 

"i'lest t h r ee  var iab . les  art: o r E y  a f i t n c t i o n  of "iie wate r  tenperai-ur-6. and 



the warer saiinitv or n o r m a l i t y ,  In qenera l ,  E and T a r e  on ly  s l i g h t l y  
S 0 

a f f e c t e d  by t h e  s a l ~ n l t 1 . 7  o i  r:ie solution, Of c o u r s e ,  o i s  s t r o n g l y  
i 

dependent  on t h e  s a l i n i t y .  

The complex d i e l e c t r i c  c o n s t a n t  of i c e  was measured by Dunsmuir 

and Lamb (1945) and was found t o  be  c l o s e  t o  3 .165 f o r  a l l  f r e q u e n c i e s  

and t e m p e r a t u r e  and t o  have a  s m a l l  imas ina ry  p a r t  t h a t  depends on t h e  

i ce  t e m p e r a t u r e .  

Based on t h e s e  measurements of t h e  d i e l e c t r i c  c o n s t a n t  of w a t e r  and 

i c e ,  Xyde (1946) computed t h e  e x t i n c t i o n  of  microvaves  by f o g ,  c l o u d ,  

r a i n ,  snow, and h a i l  a t  s p e c i f i c  r a d a r  f r e q u e n c i e s  by a p p l y i n g  t h e  ? l i e  

t h e o r y  t o  model c l o u d s  having e x p o n e n t i a l  a r e ? - - s i z e  d i s t r i b u t i o n s .  

G o l d s t e i n  (1951) e l a b o r a t e d  on Ryde 's  work. 

Measurements of t h e  r e f l e c t i v i t y  and a b s o r p t i v i t y  of a  l e v e l  l a y e r  

of w a t e r ,  s a l t  w a t e r ,  tu r f -covered  =round,  d r y  s a n d ,  and wet sand were  

made by Ford and 9 l i v e r  (1946) a t  9 cm (3 .33  CRz) f o r  z e n i t h  a n g l e s  of 

44 .5 ,  55,  and 70 deg.  Tl-ley found t h a t  tu r f - -covered  ground was n o t  a 

s 2 e c u l a r  r e f  l e c t o r ;  !~oicever, b a r e  s o i l  ( sandy loam) and w a t e r  were 

s p e c u l a r  r e f l e c t o r s .  The r e f l e c t i v i t i e s  of s o i l  were about  0 .03  f o r  

d ry  s o i l  and about  0 .45 f o r  wet soi.1. Tap w a t e r  had a  r e f l e c t i v i t y  of 

abou t  0.617 and s a l t  wa te r  ( s a l i n i t y  of 40 o / o o )  had a r e f l e c t i v i t y  of 

0.656.  

I n  t h e  l a t e  1 9 4 0 t s ,  V a n  Vleck s u c c e s s f u l l y  ap??l ied  t h e  quantum 

t h e o r y  t o  t h e  molecules  of oxygen (0%) and w a t e r  vapor  ( I i20) .  Using 

a c c u r a t e  measurements of tile absorp"cion a f  micro-i.~aves blr wate r  vapor made 

!;y iieci:er and Si:ttcr (1946) , i:;;n :Ti~t-,c.?c !,in.; ril)!e to i i F i t ; ? S r ?  r- nrarti c a l  



tormula c h a r  c o u i d  b e  i ~ s e d  t o  o r e d i c t  o he volume absorpc lon  c o e f f l c l e n t  

- L 
'or ~ ~ n T c r  sia,sclr i c /  km ) Thic, i'ormnla. used a n  e m p i r i c a l  c o r r e c t i o n  

k7 ' 

f o r  t l , e  contribution due t o  pressure-broadened i n f r a r e d  l i n e s .  Xany 

snbsequent  i n v e s t i g a t o r s  have f a i l e d  t o  u s e  t h i s  c o r r e c t i o n  i n  t h e i r  

c a l c u l a t i o n s .  

The 1 9 5 0 ' s  

The e a r l y  1 9 5 0 ' s  saw a  c o n t i n u i n g  expansion of t h e o r e t i c a l  s t u d i e s  

of t h e  e l e c t r o m a g n e t i c  p r o p e r t i e s  of r a i n  and o t h e r  c louds  of wa te r  

d r o p l e t s .  Englneers  were i n t e r e s t e d  i n  B n o ~ ~ i n g  t h e  p r o b a b i l i t y  of 

s e v e r e  microwave a b s o r l ~ t i o n  due t o  heavy r a i n s ,  i. e . ,  s e e  Bussey (1950) . 
Also,  t h e  Mie theory  was expanded t o  i n c l u d e  m u l t i - s h e l l  d i e l e c t r i c s  

such a s  l iqu id -wate r  on h a i l  (Aden, 1952; Aden and Kerker,  1 9 5 1 ) .  

S i m i l a r  work was proceeding i n  t h e  S o v i e t  Union ( S h i f r i n ,  1 9 5 1 ) .  The 

c l a s s i c  paper i n  t h i s  f i e l d  of s t u d y  was produced bv Gunn and Eas t  (1954) .  

111 t h i s  comprehensive p a p e r ,  they p r e d i c t e d  t h e  t o t a l  e x t i n c t i o n  c o e f f i c i e n t s  

and b a c k - s c a t t e r i n g  c r o s s  s e c t i o n s  f o r  a m u l t i t u d e  of model c l o u d s ,  b o t h  

i c e  and l i z u i d  \ r a t e r ,  a t  a  number of microwave f r e q u e n c i e s .  Xany r e g r e s s i o n  

e x k ) r e s s i o n s  were developed r e l a t i n g  t h e  t o t a l  a t t e n u a t i o n  and r a d a r  

r e f l e c t i v i t y  t o  e i t h e r  t h e  r a t e  f a l l  r a t e  of a p r e c i p i t a t i n g  c loud o r  t o  

t h e  l i f u i d - w a t e r  c o n t e n t  oT a non-ra ining c l o u d .  A s i m i l a r  c o n t r i b u t i o n  

.?as made by Imai (1957) some y e a r s  l a t e r .  It i s  a  t r i b u t e  t o  t h e s e  

e q r l y  i n v e s t i g a t o r s  t h a t  t h e i r  work s t i l l  remains  t h e  b a s e s  of many a p p l i e d  

q t u d i e s ,  One v e r v  s e r i o u s  drawback of t h e i r  work a s  a p p l i e d  t o  microwave 

radrometrv  i s  t h e  fact. t h a t  extrnction by true a b s o r p t l ~ n  (convers ioo  t o  

h e d i )  dibi1 C X ' C ~ ~ ~ ~ L L L , L I  y i i ~ , i r t e r  i n:; (i e.13 7t- -ibirtic-n) ' J C ~ I I C  eel-hind I n t o  a 



s i n g l e  volurrre ex'iinction coefficient, Prccisc i:adj.o:rie"iic ca icus la t ions  

f o r  microvave rad iomet ry  r e q u i r e  t h a t  t h e s e  phenomena be  s e p a r a t e d  and 

d e a l t  wit11 s e p a r a t e l y .  For example, t h e  thermal  emiss ion  p r o p e r t i e s  of 

a  medium depend o n l y  on i t s  a b s o r p t i v e  p r o p e r t i e s .  4 medium t h a t  only  

s c a t t e r s  w i l l  n o t  emit  the rmal  r a d i a t i o n .  C)n t h e  o t h e r  hand,  e x t i n c t i o n  

by s c a t t e r i n g  i m p l i e s  t h a t  some a p p a r e n t  emiss ion  w i l l  a r i s e  due t o  t h e  

s c a t t e r i n g  of energy from o t h e r  p e n c i l s  of r a d i a n t  energy a l o n g  t h e  p e n c i l  

of concern.  The problem h a s  n o t  been p r o p e r l y  c o n s i d e r e d .  

Near t h e  end of t h e  decade ,  many i n v e s t i g a t o r s  began t o  d i r e c t  t h e i r  

a t t e n t i o n  t o  problems of communications between l a n d  s t a t i o n s  and between 

land  and a e r i a l  s t a t i o n s .  These s t u d i e s  were c e n t e r e d  around t h e  4-11 GHz 

band [Hathaway and Evans, 1959; iiogg ( 1 9 5 9 ) l .  

In 1959 a l s o ,  two i m ~ o r t a n t  papers  were p u b l i s h e d .  The f i r s t  d e a l t  

w i t h  a  g e n e r a l  method of i n f e r e n c e  of t h e  v e r t i c a l  d i s t r i b u t i o n  of 

atmosi3heric t e ~ n p e r a t u r e  from remote r a d i a t i o n  measurements (Kaplan,  1959) .  

Th i s  g e n e r a l  method sugges ted  f o r  u s e  i n  t h e  1 5 ~  C02 hand opened t h e  way 

f o r  s i m i l a r  i n v e s t i g a t i o n  i n  t h e  m i c r o ~ ~ a v e  spectrum n o t a b l y  t h e  series of 

O2 a b s o r p t i o n  l i n e s  n e a r  60 GHz. The second paper  i s  a  c l a s s i c a l  t r e a t -  

ment of t h e  problem of t h e  i n t e r a c t i o n  of e l e c t r o m a g n e t i c  waves w i t h  

rough s u r f  a c e s  g iven  by Pealce (1959) . 

The 1 9 6 0 ' s  

The v a s t  m a j o r i t y  of Fapers  d e a l i n g  w i t h  t h e  nicrowave p r o p e r t i e s  

of tile environments and t i l e l r  e x ~ ~ l o i  t a t i o n  were g i v e n  i n  t h i s  ; Icr iod.  

111 this section, be \- ; i l l  revre\< only Lhe inost vnta 'o le  pr>!>ers. These mag7 

he brolien ilor~in to f n r i r  rare.iarre~ (1)  ti)^ t?fCects o f  a t r ~ o . ; ? l l z r ~ c  <aces, 



( 2 )  rile e f f e c t s  of a tmospher lc  I? clu ic i -waie~,  (3) t h e  ef f e c e s  of oeeano-- 

graplric v a r i a b l e s  ( t empera tu re ,  s a l i n i t y ,  roughness ,  foam),  and ( 4 )  g e n e r a l  

review p a p e r s .  

The atmosphere has  a  l a r g e  e f f e c t  on t h e  i n t e n s i t y  of microwave 

r a d i a t i o n  coming from t h e  ocean-atmosphere sys tem.  Th is  e f f e c t  i s  s t r o n g e r  

over  wa te r  s u r f a c e s  t h a n  i t  i s  over  l a n d  s u r f a c e s  due t o  t h e  h i g h  

r e f l e c t i v i t y  of w a t e r .  Thus, t h e  a b s o r p t i o n ,  emiss ion ,  and s c a t t e r i n g  

p r o p e r t i e s  of t h e  atmosphere need t o  b e  f u l l y  unders tood and p r e d i c t a b l e  

i f  one i s  t o  d e r i v e  i n f o r m a t i o n  a b o u t  t h e  o c e a n ' s  s u r f a c e  from a i r c r a f t  

o r  s p a c e c r a f t  measurements of microwave r a d i a t i o n a l  i n t e n s i t i e s .  

I n  g e n e r a l ,  t h e  Van Vleck t h e o r y  has  been used and i s  s u f f i c i e n t l y  

a c c u r a t e  when c e r t a i n  e m p i r i c a l  c o r r e c t i o n s  a r e  used t o  p r e d i c t  t h e  

volume a b s o r p t i o n  c o e f f i c i e n t s  due t o  wa te r  vapor  ( a  l'm-l) o r  due t o  
W 3 

molecular  oxygen ( a  km-I). One may f i n d  many e x p r e s s i o n s  i n  t h e  
OX ' 

l i t e r a t u r e  t h a t  g i v e  e x p l i c i t  e x p r e s s i o n s  f o r  a  and a . Nany of  t h e s e  
W ox 

a r e  u s e l e s s  s i n c e  t h e  u n i t s  of t h e  independent  v a r i a b l e s  a r e  n o t  p r e s c r i b e d .  

Tn f a c t ,  i n  a l l  t h e  l i t e r a t u r e  s o u r c e s  su rveyed ,  t h e r e  d i d  n o t  appear  t o  

be any e x p r e s s i o n  t h a t  was complete ly  f r e e  of e r r o r  o r  t h a t  matched some 

o t h e r  e x p r e s s i o n .  I n  many c a s e s ,  c a r e f u l  a t t e n t i o n  t o  t h e  e f f e c t  of 

change of v a r i a b l e  was n o t  main ta ined .  I n  o t h e r s ,  tiley were obvious  

t y p o g r a p h i c a l  e r r o r s .  An e x r r e s s i o n  t h a t  g i v e s  reasonab ly  a c c u r a t e  

v a l u e s  f o r  a  and a  and whLcll i n c o r p o r a t e s  most of t h e  f u n c t i o n a l  forms 
W ox 

given  i n  izhe l i t e r a t u r e  i s  given i n  a  subsequent  s e c t i o n .  The b a s i c  

i n v e s t i g a t o r s  i n  tliis a r e a  a r e  Meek and L i l l e y  (19631, West.im.ter (1965a, 

L965b, 1 3 6 1 ) ,  and r e c e n t l y ,  L ~ e b e  (196ci,3, 19691s; 1 9 6 9 ~ ) ~  

Several i n v e s t i ~ - * t ~ r s  ~ W . T P  I J . S P ~  t l l ~  above t i i e ~ r y  t o  p r e d i c t  the 



i n t e n s i t y  of micro~g3ve r a d i a t i o n  a t  t h e  s u r f a c e  due t o  a tmospher ic  g a s e s  

only  f o r  s e v e r a i  mlcrovave lrrequencles and f o r  s e v e r a l  a tmospherrc  

c o n d i t i o n s  [ e .  g . , s e e  Zlogg and Pfumf o rd  (1960) , lJeger (1960) , l Ju l f sberg  

(1964) ,  and Eogg and Semplak (1961, 1 9 6 3 ) l .  I n  a d d i t i o n ,  t h e s e  and o t h e r  

i n v e s t i g a t o r s  have measured t h e  i n t e n s i t y  of microwave r a d i a t i o n  coming 

from t h e  sky [Cummings and H u l l  (1966) and Haroules  and Brown (1968, 1 9 6 9 ) l .  

The emiss ion  of c l o u d s  of hydrometeors h a s  been ? o o r l y  t r e a t e d .  Most 

i n v e s t i g a t o r s  have used t h e  volume e x t i n c t i o n  c o e f f i c i e n t s  p r e d i c t e d  by 

Ryde o r  G o l d s t e i n  a s  a  b a s i s  f o r  p r e d i c t i o n s  of t h e  emiss ion  of c l o u d s .  

T!lis i s  a n  improper procedure  a s  i n d i c a t e d  b e f o r e .  Yeasurements of t h e  

emiss ion of r a i n c l o u d s  r e v e a l s  t h a t  c l o u d s  may absorb  s i g n i f i c a n t l y  even 

f o r  f a i r l y  low f r e q u e n c i e s .  Tllus, t h e  ' a l l  weather"  c a p a b i l i t y  of 

microwave r a d i o m e t e r s  i s  t o  be  q u e s t i o n e d .  

The t h e o r e t i c a l  emiss ion  and r e f l e c t i o n  of micro.igaves from a  calm o r  

s l i g l i t l y  d i s t u r b e d  s e a  s u r f a c e  h a s  been Eul ly  i n v e s t i g a t e d .  I n  g e n e r a l ,  

investigators have found t h 3 t  t h e  emiss ion  of t h e  s e a  s u r f a c e  i s  f a i r l y  

c o n s t a n t  w i t 1 1  r e s p e c t  t o  t empera tu re ,  s a l i n i t y  and rougllness f o r  s m a l l  

i n c  ~ d e n r  e angl-es and f o r  f r e q u e n c i e s  g r e a t e r  t h a n  about  8 GHz . hfeasure - 

rnents l i v e  confirmed t h e s e  p r e d i c t i o n s .  Theory a l s o  i n d i c a t e s  t h a t  t h e  

em~ss.un 1s ~ . ~ e ~ i b i y  dependent on t empera tu re  a t  f r e q u e n c i e s  n e a r  6 GHz 

and I - strcln:,lv dependent on s a l i n i t v  i n  a r e a s  where l a r g e  changes of 

s a l i L ~ ' : v  occur  when t h e  f requency  i s  l e s s  t h a n  about  5 GlIz ( S i r o u n i a n ,  

1968. Par s ,  1969) .  

b s  ing an 8 5 cm (3 ,53  ':'liz) , Curvich arid Egorov (1966) of t h e  Sov let 

U n i o n  ;tic c , . ; s fu l l  J d e t e r m  inetl 1 lie d l  s t r l b r r r r o l ~  of sea  st17 face tempel a t u r  e 

irorn d i r c r ~ f  t over  tile Cqspian Sea. T h e  chnlce of t i l l s  Frequency was based 



on ex i -er~s ive  theore t j i ca l  i;lor!i repor ted  b y  Peres l -egin  ( l 3 6 9 )  p ~ i b l i s h e d  

some y e a r s  l a t e r .  

It i s  apparen t  t h a t  t h e  e m i s s i v i t y  of s e a  foam o r  s e a  wa te r  

impregnated w i t h  a  l a r g e  number of a i r  bubbles  i s  much h i g h e r  t h a n  t h a t  

of s e a  wa te r  t h a t  i s  r e l a t i v e l y  u n d i s t u r b e d  (Wil l iams,  1969) .  The 

emiss ion  of s e a  foam i s  a n  i n t r a c t a b l e  t h e o r e t i c a l  problem and i ts  

p r e c i s e  c h a r a c t e r i s t i c s  w i l l  be  d i scovered  on ly  through e x t e n s i v e  and 

w e l l - c o n t r o l l e d  measurements. It i s  n o t  known whether  o r  n o t  s e a  foam 

i s  a n  impor tan t  f a c t o r  f o r  a l l  f r e q u e n c i e s  and f o r  a l l  v iewing a n g l e s .  

The e f f e c t  of foam was conf i rmed by a i r b o r n e  measurements from t h e  NASAIGSFC 

Convair 990 (Nordberg, Conaway, and Thaddeus, 1969) .  T h e i r  measurements 

d i d  n o t  suppor t  t h e  p r e d i c t i o n s  of Stogryn (1967) ;  however, h i s  t h e o r y  

d i d  n o t  i n t e n d  t o  account  f o r  s e a  foam o r  a i r  bubb les  and d e a l t  o n l y  w i t h  

t h e  e f f e c t s  of a s t a t i s t i c a l l y  rough s e a  s u r f a c e .  The e f f e c t  of t h i s  

t y p e  of s u r f a c e  roughness  a p p a r e n t l y  i s  smal l  compared t o  t h e  e f f e c t  of 

bubbles  and foam, 

S e v e r a l  papers  have been w r i t t e n  w i t h  t h e  purpose  of reviewing t h e  

l i t e r a t u r e  on microwave rad iomet ry  and i t s  a p p l i c a t i o n s  t o  oceanography, 

e . g .  P o r t e r  and F l o r a n c e  (1969) ,  P a r i s  (1969) ,  and Haroules  and Rrovm 

(1969) .  A comprehensive rev iew of t h e  e f f o r t s  i n  t h i s  a r e a  i s  being 

conducted i n  t h e  S o v i e t  Union and i s  g iven  i n  t h e  p u b l i c a t i o n  by S h i f r i n  

(1969) .  Two o t h e r  e x c e l l e n t  p u b l i c a t i o n s  t h a t  d e a l  mainly  w i t h  t h e  e f f e c t s  

of t h e  atmosphere a r e  t h e  p a p e r s  by Thompson (1969) and Lukes (1968) .  

Current S t a t u s  

The D i e 1  e c t r i  c Cons rani- o f  Sea Wdler--'i'lic. d r e l e c t r i r  constanL of sea 

w a t e r ,  E '  - j ~ " ,  is complex  and may be g i v e n  as  shown i n  the f o l l o w i n g  



e q u a t i o n s :  

and 

where T E and a a r e  f u n c t i o n s  of s a l i n i t y  and t e m p e r a t u r e  o n l y .  The 
0 '  s '  i 

b e s t  v a l u e s  f o r  t h e s e  q u a n t i t i e s  a r e  t h o s e  g i v e n  by Saxton and Lane (1952b) 

where E i s  assumed t o  b e  4 .9  and where t h e  s a l i n i t i e s  of a  0 . 5 ,  1 . 0 ,  
0 

and 1 . 5  normal s o l u t i o n  a r e  t a k e n  t o  be 28.3 ,  5 5 . 5 ,  and 8 1 . 6  o / o o ,  

r e s p e c t i v e l y .  

The e f f e c t s  of s a l i n i t y ,  t empera tu re  and f requency o n - E '  and E "  a r e  

c l e a r l y  shown i n  two f i g u r e s  i n  Lane and Saxton (1952b) which a r e  g i v e n  

h e r e  i n  F i g s .  1 and 2 .  The s a l i n i t y  of "sea  wa te r"  i s  36 o/oo ,  and t h e  

- 1 
s a l i n i t y  of f r e s h  w a t e r  i s  such t h a t  a i s  about  0 .01  mho m . The 

i 

a b s o r p t i o n  i s  c l o s e l y  a s s o c i a t e d  w i t h  E " .  Thus, t h e  r e s u l t s  of S i r o u n i a n  

(1968) and P a r i s  (1969) were i n d i r e c t l y  a n t i c i p a t e d  by Lane and Sax ton  

though t h e y  were n o t  aware of t h e  p o s s i b i l i t y  of u s i n g  t h e s e  e f f e c t s  t o  

measure s e a  s u r f a c e  s a l i n i t y  o r  t empera tu re .  

Of c o u r s e ,  t h e  d i e l e c t r i c  c o n s t a n t  of s e a  w a t e r  (no t  aqueous sodium 

c h l o r i d e )  h a s  y e t  t o  be measured f o r  a  wide range  of f r e q u e n c i e s ,  

t e m p e r a t u r e s ,  and s a l i n i t i e s .  C e r t a i n l y ,  t h i s  i s  one a r e a  t h a t  needs  

immediate a t t e n t i o n ,  

The D i e l e c t r i c  Constant or' Ice--?'he r e s u l t s  of t h e  measurements of 

t h e  d i e l e c t r i c  consta i t t  of i c e  sixow t h a t  i t  i s  e s s e n t i a l l y  c o n s t a n t  w i t h  





x V' 
a , C  * .-+a, 

U cL7 z e c  
W oa, 



Fuec-;~_rencgr a-nti has vai.ues s l ~ o ~ ~ r ~  in ?'a11 i e  I 

TARLE L .  I>ie!ectric Constant  of I c e  ( a f t e r  Gunn and E a s t ,  1 9 5 4 ) .  

The Vol:~ne .4bsor->tror, C o e f f i c i e n t  of Water Vapor 

The a b s o ~ ~  r ;OIL df  micro~gaves by w a t e r  va?or  i s  due t o  (1) a b s o r p t i o n  

tsy a  s i n g l e  r o t - l t  i o ~ l a  L l i n e  a t  22.235 GHz and (2)  a b s o r p t i o n  by a h o s t  

of i . r e s s u r e - - b r ~ s c i e n e ~ l  i n f r a r e d  l i n e s .  The f o l l o w i n g  e q u a t i o n s  should be 

-1 
used t o  q i v e  t ' . ~  vol lrne a b s o r p t i o n  c o e f f i c L e n t  f o r  wa te r  vapor  (a km ) 

w ' 

a s  a f u n c t i o n  o ,  IT, uency ( v ,  Hz), t empera tu re  (T,K), p r e s s u r e  ( P ,  m b )  

and d e n s i t y  of r a t - r  va?or ( p  gm mW3). 
W '  



r *  i h e  a b s o r , j t i c n  coefficient of :.later vapar  i s  g r e a t e r  t h a n  that  of 

molecular oxygen for frequencies of about 15 GWz to 30 GHz, Since 

t h e  amount of w a t e r  vapor  i n  the a tmosphere  i s  h i g h l y  v a r i a b l e ,  o n e  

would b e s t  avo id  t h i s  f r equency  band i f  t h e  e f f e c t  of t h e  a tmosphere  i s  

t o  be  p r e d i c t a b l e .  

The Volume A b s o r p t i o n  C o e f f i c i e n t  of Molecu la r  Oxygen 

Molecu la r  oxygen i s  a s t r o n g  a b s o r b e r  of microwave r a d i a t i o n ,  The 

volume a b s o r p t i o n  c o e f f i c i e n t  f o r  m o l e c u l a r  oxygen (a krn-I) i s  
ox ' 

most ly  dependent  on t h e  a b s o r p t i o n  of 44 c l o s e l y  spaced r e s o n a n c e  l i n e s  

n e a r  60 GHz p l u s  one l i n e  a t  118 GHz and i s  g i v e n  by  

a (irm'') = 4.6182 x  10- lo  PvZ 2 Sn ex? [-2.06844 N ( N + ~ ) / T ]  ( h - l )  
OX ~3 

N odd 
N = l  

where 



P = t o t a l  p r e s s u r e  (mb) 

T = a i r  t e m p e r a t u r e  (K)  

v = f r e q u e n c y  (Hz) 

v ' s  and v ' s  a r e  g i v e n  i n  T a b l e  I o f  Meeks and L i l l e y  (1963) n+ n- 

The Apparent  Sky Tempera ture  f o r  a  Cloudy Sky 

The b e s t  way t o  g e t  a f e e l  f o r  t h e  r a n g e  of v a l u e s  t o  b e  e x p e c t e d  

f o r  t h e  a p p a r e n t  sky  t e m p e r a t u r e  i s  t o  c o n s i d e r  t h e  v a r i o u s  v a l u e s  t h a t  

have been  e i t h e r  obse rved  o r  c a l c u l a t e d  from s i m p l e  mode l s .  These  v a l u e s  

a r e  p l o t t e d  i n  F i g ,  3 ,  





c i p e c i a l i \ ~  l a r g e  neaj: 22, '235 GHz amoun t ing  

to 11:) to "31 K b  1'il:is :-;carter i s  clue prirnari- lv t o  d i f f e r e n c e s  i.11. t h e  

d i s t r i b u t i o ~ l  and total amount of  w a t e r  v a p o r .  Thus ,  t o  a v o i d  t h i s  

unwanted e f f e c t ,  o c e a n o g r a ? l ~ e r s  must  u s e  f r e q u e n c i e s  o u t s i d e  t h e  r a n g e  

from 1 5  GRz t o  30 GIiz, 

The Volume A b s o r p t i o n  C o e f f i c i e n t  of Liquid-Water  Clouds  

I lecent  r e s e a r c h  lias been  conduc ted  by P a r i s  (1970) i n t o  t h e  

r a d i a t i v e  ? r o p e r t i e s  of r a i n i n g  and n o n - r a i n i n g  c l o u d s .  The volume 

a b s o r p t i o n  c o e f f i c i e n t  f o r  a model  l i q u i d  w a t e r  c l o u d  h a v i n g  a  d i s t r i b u t i o n  

of d r o p - s i z e s  g i v e n  by ! f a r sha l l  and Palmer  (1948) was c a l c u l a t e d  from a 

knowledge of t h e  a b s o r p t i o n  c r o s s  s e c t i o n s  (3 ) and s c a t t e r i n g  c r o s s  
A 

s e c t i o n s  (C! ) of i n d i v i d u a l  w a t e r  d r o p l e t s .  The f o r m u l a t i o n  of  t h e s e  
S 

c r o s s  s e c t i o n s  f rom t h e  Mie t h e o r y  i s  shoxm below: 

C o m p u t a t i o n a l  P r o c e d u r e  f o r  > l i e  P a r a m e t e r s  (Adapted f rom D i e r m e n d j i a n  [ 1 9 6 9 ] )  

Given:  m complex i n d e x  of r e f r a c t i o n  ( n  - i ~ )  

v f r e q u e n c y  (Hz) 

d d r o p  d i a m e t e r  (m) 
8 - 1 

e s p e e d  af l i g h t  ( 2 , 9 9 7 9 1  x 1 0  m s e c  ) 

TT 3,1415927 

Scheme: x = n v d l c  

*I --- / \  . - 
(19 $; [ 2; ; *, :< 1 ri (-;< ) 

- .L - I - 
w J i : i ( > b j  3- I cos ( A /  ji)c~l:irrnei~tlji .an made a s i g n  error L r 1  iiis 

0 
expressLon f o r  w u s i n g  sin x - i cos x j  

0 



1-1 = c o s  0 where  e i s  t h e  a n g l e  be tween t h e  f o r w a r d  d i r e c t i o n  and t h e  
d i r e c t i o n  o f  s c a t t e r i n g  

[The re  i s  an  e r r o r  i n  t h i s  e x p r e s s i o n  a s  g i v e n  by D e i r m e n d j i a n  i n  
t h a t  n  i s  o m i t t e d  i n  n u m e r a t o r  of  t h e  second  t e r m ]  

[Note :  Van d e  R u l s t  (1959, p .  124) h a s  a n  e r r o r  i n  a  c o r r e s p o n d i n g  
e x p r e s s i o n  f o r  T i n  t h a t  s i n  8  s h o u l d  r e a d  s i n 2 8 ]  

11 



C a n  + h - r I  
n n n n n 

2 
where Q t  i s  t h e  t o t a l  e x t i n c t i o n  c r o s s  s e c t i o n  (m ) 

2 
Qs i s  t h e  s c a t t e r i n g  c r o s s  s e c t i o n  (m ) 

2 
Q, i s  t h e  a b s o r p t i o n  c r o s s  s e c t i o n ,  Qa = Q t  - Qs (m ) 

S and S a r e  t h e  d i m e n s i o n l e s s ,  complex ampl i tude  f u n c t i o n s  r e l a t e d  1 2 
t o  components p e r p e n d i c u l a r  and p a r a l l e l ,  r e s p e c t i v e l y ,  t o  t h e  s c a t t e r i n g  

p l a n e .  

i i i i4 a r e  t h e  s c a t t e r i n g  i n t e n s i t i e s .  1' 2' 3' 



These e x p r e s s i o n s  were progr amrired and t h e  r e s u l t i n g  v a l u e s  of 

-3 
volume a b s o r p t i o n  c o e f f i c i e n t  (hLPEL4, n! ) and volume s c a t t e r i n g  c o e f f i c i e n t  

- 3 -3 
(BETA, m ) were p l o t t e d  v e r s u s  t h e  l i q u i d - w a t e r  c o n t e n t  (M, gm m ) The 

p l o t s  of ALPFA v e r s u s  ?l a r e  sho~jm i n  t h e  f o l l o w i n g  s e r i e s  of g raphs  f o r  

twenty-seven f r e q u e n c i e s  i n  t h e  r a n g e  from 0 . 5  GHz t o  60 GHz. 

- 3 
I n  summary, t h e s e  g raphs  show t h a t  a  dense ,  r a i n i n g  c loud [ 2  gm m , 

5 km t h i c k ]  w i l l  have s i g n i f i c a n t  a b s o r p t i o n  and emiss ion  [ b r i g h t n e s s  

t empera tu re  f o r  emiss ion  of 1 0  K o r  g r e a t e r ]  f o r  f r e q u e n c i e s  g r e a t e r  t h a n  

about  3 GI Iz ;  f o r  a  non- ra in ing  c l o u d ,  t h e  a b s o r p t i o n  i s  s i g n i f i c a n t  

f o r  f r e q u e n c i e s  above abou t  6  GHz. For  f r e q u e n c i e s  of 30 GHz o r  g r e a t e r ,  

a  l i g h t  r a i n i n g  c loud would have a  t r a n s m i s s i v i t y  of o n l y  abou t  50 p e r c e n t .  

The Emission of Sea Water 

Using t h e  French Law of R e f l e c t i o n  and complex d i e l e c t r i c  c o n s t a n t s  

g iven  by Lane and Saxton (1952b),  t h e  microwave emiss ion of "sea w a t e r "  

was c a l c u l a t e d  f o r  s e v e r a l  f r e q u e n c i e s .  These c a l c u l a t i o n s  a r e  shown 

i n  F i g .  4 .  

It i s  c l e a r l y  s e e n  t h a t  t empera tu re  i s  n o t  a  s i g n i f i c a n t  independent  

v a r i a b l e  f o r  f r e q u e n c i e s  g r e a t e r  t h a n  about  9 G H z .  

Conclusions  and Recommendations 

Due t o  t h e  u n p r e d i c t a b i l i t y  of t h e  e f f e c t  of water vapor  i n  t h e  

r e g i o n  from 1 5  GHz t o  30 G H z ,  t h e  s e v e r i t y  of l iqu id -wate r  a b s o r p t i o n  

f o r  f r e q u e n c i e s  above 30 CHz and t h e  homogeneity of microwave emiss ion  

f o r  f r e q u e n c i e s  above 9 GHz, one must conclude t h a t  t h e  u s e f u l n e s s  of 

t h e  microwave spectrum ;-ibovr i )  ::Liz i s  r4ult.e l i m i t e d  a s  far a s  d i r e c t  



0 -10 C Mie Theory 
b 0 C Mie Theory 
+ 10 C M i e  Theory 
x 20 C M i e  Theory 
6 30 C M i e  Theory 
Y 10  C Rayleigh Approx. 

3$ -- Goldstein Approx. 























































Figure 

I .- 

3 5 a o L 5 2 o 2 5 3 o 
TELII'EIIATC'FE OF 'Slitl: SEA SURFACE, Tseri ( ' 6 )  

4 .  'The p o l a r i z e d  erilis:;i~vc t e n ~ p e r a t u r e  of  a f l a t .  sea surface 
versus t h e  t 'i~ermiim.c=iric temperattire of the  sea s t i r face  
for frecjueilcie:: of i, 5.4, 9 , 2 ,  T i i , R ,  19-35> 22.235, and 
34 (li-iz aiitl f o r .  v:ir i o r l s  s;iiirii t i e s ,  



C 0 c 1 ,  1 L C c L 'Ii : I )PCk  s'T1L L i f t l e i  f ~ I J  

~ n e a i i ~ r e m e n t s  o r  L [he mi c r ~ ~ w a i ~ t :  r a t i ~ d r ~ c e  of tile s e a  aL f r e q u e n c i e s  below 

9 GHz e x i s t .  One i n d l r e c t  oceanographic  a p p l i c a t i o n ,  namely, r a i n  

d e t e c t i o n  a t  s e a ,  i s  q u i r e  f e a s i b l e  a t  i r e q u e n c i e s  above 9 GHz. 

I t  i s  recommended t h a t  : 

(I) p r e c i s e  l~neasurements of t h e  d i e l e c t r i c  c o n s t a n t  of t r u e  s e a  

v a L r r  be  made f o r  a  wide range  of f r e q u e n c i e s  (0 .5  GKz t o  60 GIIz),  f o r  

a wide range  of t e m p e r a t u r e s  ( 0  C t o  40 C )  and f o r  a wide r a n g e  of 

s a l i n i t i e s  (0 0100 t o  40 0100) .  

( 2 )  l a b o r a t o r y  measurements on s e a  foam and s e a  bubb les  shou ld  

be made t o  de te rmine  t h e  e f f e c t s  of bubb le - s i ze  d i s t r i b u t i o n  and o t h e r  

f a c t o r s .  

(3 )  more measurements of t h e  emiss ion  of t h e  s e a  s u r f a c e  under  

v a r y i n g  c o n d i t i o n s  of s e a  t e m p e r a t u r e ,  s a l i n i t y ,  roughness ,  and s u r f a c e  

foam be made a t  f r e q u e n c i e s  l e s s  t h a n  9 GHz. 
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CHAPTER I11 - PROGRESS (cont,) 

C. International Program - General 

International cooperative oceanographic expeditions aimed to measure 

the fertility of the sea in known productive regions of the oceans are 

being planned by the Intergovernmental Oceanographic Commission (IOC), 

International Council for the Exploration of the Sea (ICES), Food and 

Agriculture Organization of the United States (FAO), Scientific Committee 

on Oceanic Research (SCOR), and other organizations. Their programs 

include the measurement of biomass production and the associated phenomena 

in the marine environment (upwelling, currents, etc.). Cruises dealing 

with intercalibration and standardization of techniques have also been 

planned. Discussions have been held in order to determine the feasibility 

and convenience of having the NASA aircraft fly over such a region when 

the ship's operation is underway. 

Arrangements were made through this project for Piexican Engineers and 

Scientists to tour the R/V ALAMINOS in Veracruz, Mexico, on October 27-28. 

Dr. Luis Capurro is serving as Chariman of the Panel on General 

Circulation of the Gulf of Mexico for GSY/CICAR. This position enables 

him to better coordinate the activities of the well-instrumented vessels 

and platforms of the U. S. Coast Guard, as well as the utilization of the 

instrumented monster buoys. 

Ilrs. Rosemary Boyltin just recently completed a bibliography dealing 

with marine-biology, geology, snd geophysics of the G ~ l f  of Mexico and 

Caribbean Sea specifically f o r  CIGAR and C S Y ,  Cor i t a in ing  over 14,000 

references, many of which will be annotated or will include abstracts, 



c h i 5  hibl~ogra~p~iy w i l l  h~ Sssued i n  two volumes by the National  Oceano- 

g r a > i ~ L c  Data Center and t h e  Gul f  U n i v e r s i t i e s  Re,carch Corporation, 

Although t h i s  work was n o t  done on p r o j e c t  t ime ,  i t  i s  f e l t  t h a t  p e r s o n a l  

c o n t a c t s  made by Mrs. Roykin w i t h i n  t h o s e  c o u n t r i e s  w i t h i n  t h e s e  a r e a s  

n i  i n v e s t i g a t i o n  w i l l  be h e l p f u l  i n  f u r t h e r i n g  t h e  e f f o r t s  of t h i s  

p r o j e c t  and i n  t h e  p lann ing  of p o s s i b l e  upwel l ing  exper iments .  

On October 8 ,  t h r e e  s p e c i a l i s t s  i n  space  e n g i n e e r i n g  from F r a n c e  

v i s i t e d  our  f a c i l i t i e s  and were b r i e f e d  by members of t h e  s t a f f  r e g a r d i n g  

our  g r o j e c t  a c t i v i t i e s  and were g i v e n  c o p i e s  of some of our  r e p o r t s  which 

were of i n t e r e s t  t o  them. The group was hos ted  by t h e  I n t e r n a t i o n a l  

A f f a i r s  O f f i c e  of NASA Headquar te r s ,  and toured  v a r i o u s  NASA f a c i l i t i e s  

i n  t h e  U .  S.  The i r  i n t e r e s t s  a r e  i n  t h e  l o c a t i o n  and o b s e r v a t i o n  of 

e a r t h  r e s o u r c e s  through remote s e n s i n g .  



CHAPTER IPT - -  PROGRESS (cont , )  

D .  I n t e r n a t i o n a l  - Program - Mexico 

This  p r o j e c t  h a s  been a s s o c i a t e d  w i t h  t h e  i n t e r n a t i o n a l  program 

i n  Mexico s i n c e  t h e  program's  i n c e p t i o n .  D r .  George Huebner was named 

a s  p r i n c i p a l  i n v e s t i g a t o r  t o  r e p r e s e n t  t h e  Naval Oceanographic O f f i c e  

d u r i n g  t h e  p l a n n i n g ,  o v e r f l i g h t s ,  and a n a l y s i s  of t h e  d a t a .  Upon 

complet ion of t h e  o v e r f l i g h t s  and i n i t i a l  a n a l y s i s ,  a  more d e t a i l e d  

a n a l y s i s  was made by two oceanographers  of t h i s  p r o j e c t ,  M r .  B i l l  M e r r e l l  

and M r .  Xobert  Whitalcer. Near t h e  end of September,  1969, D r .  Huebner 

and a i l 1  M e r r e l l  met w i t h  t h e  Mexican i n v e s t i g a t o r s  i n  Mexico C i t y  and 

compared t h e i r  a n a l y s i s  w i t h  our  i n t e r p r e t a t i o n .  The f o l l o w i n g  pages  

g i v e  a  rev iew of our  work. 



AN OCEANOGRAPHIC ANALYSIS OF DATA 

RECORDED ON SHIPS AND AIRCRAFT-NASA 

AIRCRAFT MISSION 91, SITE 705, VERACRUZ, MEXICO 

INTRODUCTION 

T h i s  r e p o r t  i s  l i m i t e d  t o  an  oceanographic  a n a l y s i s  of t h e  d a t a  

r e c e i v e d  a t  Texas A  h M .  Other  s h i p  d a t a  were t a k e n  b u t  have n o t  been 

r e c e i v e d .  T h i s  r e p o r t  should  n o t  be c o n s t r u e d  t o  be  a  complete  a n a l y s i s  

of t h e  r e c e i v e d  d a t a .  I n  f a c t ,  one s e c t i o n  of t h e  r e p o r t  i s  a n  a t t e m p t  

t o  c a t a l o g  v a r i o u s  oceanographic  f e a t u r e s  w i t h i n  t h e  d a t a  i n  t h e  hope 

t h a t  t h i s  w i l l  a s s i s t  f u r t h e r  a n a l y s i s ,  and a n o t h e r  s e c t i o n  c o n t a i n s  

recommendations f o r  f u t u r e  work w i t h  t h i s  d a t a .  

The a e r i a l  d a t a  were o b t a i n e d  by t h e  NASA 927 NP3A A i r c r a f t .  

S p e c i f i c a t i o n s  of t h e  a i r c r a f t  and i t s  s e n s o r s  can  be found i n  t h e  

Miss ion P l a n  ( 1  March 1969) ,  Miss ion  Report  (8 Yay 1969) ,  and Data 

Review Report  (25  June 1969) of Miss ion 91.  Ship d a t a  were t a k e n  by 

t h e  BIOS and VIRGIL10 URIBE. The l a s t  two pages i n  t h i s  s e c t i o n  a r e  

c o p i e s  of c h a r t s  showing t h e  s h i p  coverage and t h e  a i r c r a f t  f l i g h t  l i n e s .  







SHIP DATA 

T v ~ e s  of Data 

Da ta  t a k e n  on board s h i p  and s e n t  t o  Texas A & M U n i v e r s i t y  i n c l u d e d :  

C r u i s e  name and s t a t i o n  number 
Da te  
L o c a t i o n  ( L a t i t u d e  and Longi tude)  
Depth of c a s t  
Wave s t a t e  
Wind speed and d i r e c t i o n  
Atmospheric p r e s s u r e  
A i r  t empera tu re  
V i s i b i l i t y  
Cloud t y p e s  
Water t r a n s p a r e n c y  
Water c o l o r  
An e s t i m a t e  a s  t o  whether  a n  a p p r e c i a b l e  c u r r e n t  e x i s t e d  
Temperature and s a l i n i t y  a t  observed d e p t h s  w i t h  s igma- t ,  

d e l t a - a  and sound v e l o c i t y  c a l c u l a t e d  
From t h e  observed d e p t h s ,  t empera tu re  and s a l i n i t y  were  

i n t e r p o l a t e d  t o  e v e r y  t h r e e  metgrs  and dyna~nic  h e i g h t s  
c a l c u l a t e d  

Q u a l i t y  of Data - -- 

The q u a l i t y  of t h e  s h i p  d a t a  can on ly  b e  judged a s  unknown. S tandard  

oceanograph ic  t e c h n i q u e s  of judging t h e  c o n s i s t e n c y  of oceanograph ic  d a t a ,  

such  a s  T-S r e l a t i o n s  o r  thermometr ic  d e p t h  c o r r e c t i o n s  can n o t  b e  e f f e c t i v e l y  

u t i l i z e d  a s  t h e  wa te r  i s  simply n o t  deep enough. A few observed v a l u e s  seem 

ex t remely  d o u b t f u l  and some obvious  m i s t a k e s  e x i s t .  

A n a l y s i s  of tlte Dqfa -- - -- - 

Contour charts of s u r f a c e  s a l i n i t y ,  s u r f a c e  t e m p e r a t u r e ,  s a l i n i t y  

at 10 i~aeters ,  iz~i(i r ~ ' m p p r n t t i r t ?  ; a t  '10 meters w p r c  m a c l e ,  Thermal boundar i .es  

recoriicid b y  t h e  RS-111 ..<ere zlso recoriled on t he  t c m p t ~ . r : t  cl~arts, 



No eon to~r r  lines a r e  present  on the s u r f a c e  t empera tu re  c h a r t ,  as  the 

e f f e c t  of t h e  d i u f ~ ~ d i  v d r i a t i o n  of  Lemperature i s  Large enough a t  the 

s u r f a c e  t o  obscurt:  any i n d i c a t i o n  of t h e  f l s t ?  p a t t e r n s .  From o b s e r v a t i o n s  

of t h e  t e m p e r a t u r e  a t  t h e  s u r f a c e  and a t  1 0  m e t e r s  a t  each s t a t i o n ,  i t  i s  

e v i d e n t  t h a t  two d i f f e r e n t  t y p e s  of the rmal  s t r u c t u r e s  e x i s t .  I n  t h e  r e g i o n  

n e a r  Veracruz ,  t h e  s u r f a c e  t e m p e r a t u r e s  a r e  h i g h e r  t h a n  t h e  a r e a  o f f  o f  

P t a .  Coyal,  b u t  t h e  t empera tu re  a t  1 0  m e t e r s  i s  about  3OC l e s s .  S a l i n i t y  

contour  c h a r t s  a l s o  seem t o  i n d i c a t e  two d i f f e r e n t  w a t e r  masses i n  t h e s e  

a r e a s ,  and t h e  the rmal  boundary o f f  of P t a .  Coyal (which is  a l s o  a c o l o r  

boundary) may b e  a n  i n d i c a t i o n  of t h e  boundary between t h e s e  two t y p e s  of 

s e a  w a t e r .  

The c h a r t s  a r e  contoured t o  r e f l e c t  t h e  g e n e r a l  f l o w  p a t t e r n  t h e  a u t h o r s  

b e l i e v e  t o  be  i n  t h i s  a r e a ;  i t  i s  c o n s i s t e n t  w i t h  r i v e r  o u t f l o w s ,  e t c .  

However, because  of t h e  low d e n s i t y  of d a t a  i; some a r e a s ,  o t h e r  i n t e r p r e t a -  

t i o n s  a r e  c e r t a i n l y  p o s s i b l e .  



AIRCRAFT DATA 

NASA A i r c r a f t  M i s s i o n  9 1  u t i l i z e d  t h e  f o l l o w i n g  i n s t r u m e n t s  t o  g a t h e r  

d a t a  i n  t h e  Verac ruz  v i c i n i t y :  d u a l  c h a n n e l  i n f r a r e d  imager ,  s i d e - l o o k i n g  

imaging r a d a r ,  c o l o r  and c o l o r  I R  mapping cameras ,  and t h e  mul t iband  camera 

s y s t e n .  The i n f r a r e d  imager  o p e r a t e d  on t h e  3 - 5 . 5 ~  and 8-14p c h a n n e l s ,  

whi le  t h e  m u l t i b a n d  camera sys tem employed t h e  f o l l o w i n g  bandpass  f i l t e r s :  

477mp ( b l u e ) ,  530mu ( g r e e n ) ,  617mp ( r e d ) ,  and 750mp ( I R ) .  

The c o l o r  and c o l o r  I R ,  as w e l l  a s  t h e  m u l t i - s p e c t r a l  e x p o s u r e s ,  were  

of  h igh q u a l i t y .  Due t o  n o i s e ,  t h e  I R  imagery was of  a n  i n f e r i o r  g r a d e  

and no th ing  i n t e l l i g e n t  c o u l d  b e  g a i n e d  from t h e  s i d e - l o o k i n g  imaging 

r a d a r  images. Where a p p l i c a b l e ,  fo rward  and s i d e  o v e r l a p  of t h e  imagery was 

e x c e l l e n t .  

The c a t a l o g  o f  o c e a n o g r a p h i c  f e a t u r e s  obse rved  i n  t h e  c o l o r  and c o l o r  I R  

photography l is ts  t h e  f e a t u r e s  c h r o n o l o g i c a l l y ,  w i t h  t h e  box t o  t h e  l e f t  under  

each f e a t u r e  p e r t a i n i n g  t o  t h e  c o l o r  frame numher and t h e  box t o  t h e  r i g h t  

p e r t a i n i n g  t o  t h e  c o l o r  I R  f rame  number. Bottom v e g e t a t i o n  i s  v i s i b l e  i n  t h e  

shal low w a t e r  o v e r  t h e  r e e f s  and t h e  l a g o o n s ,  w h i l e  n e a r - s h o r e  c u r r e n t s  a r e  

d e l i n e a t e d  by d i s t i n c t  c o l o r  changes caused by sed iment  t r a n s p o r t  of r i v e r  

outf low.  The l and-sea  boundary i s  c l e a r l y  d e f i n e d  i n  t h e  c o l o r  I R  pho tography ,  

and bottom topography i n  s h a l l o w  a r e a s  i s  v i s i b l e  i n  b o t h  s e t s  of p h o t o g r a p h s .  

A p o l l u t a n t  c a n  b e  o b s e r v e d  f lowing  n e a r  s h o r e  from t h e  a r e a  n o r t h  o f  

the> Veracru2  p o r t  faciliti?~, Several s l i c k s  a re  t o  he seen o f f  the c o a s t  

I t i  Sedinierit t r a n s p o r t  i r i  the lagoons ant i  in r i v e r  outfioc~s, as 

\ z c T I  as s c d  i:il.ci~!:a t i o n  i ~ n  r i v e r  i n l c  ts , is t i i . s cc rn ib lc . ,  



Long term Cernrso~aL s L 1  c E i ~ s  0:  s e d ~ r n e i - ~ ~ ~ t ? ~ i i ~  pdtterns, In ;1dditio11 to 

ssudres of wave d i f t r d ~ t ~ ~ r ~ ~  r e t r a c l l o n ,  m a  i n t e r f e r e n c e  as  o b s e r v e d  in c o l o r  

and c o l o r  LR p:notogLaphy c o u l d  a i d  c o a s t a l  engine2z-s i n  j ~ t i - y  c o n s r r i l r t i o n  

and d r e d g i n g .  I n c r e a s e d  s a f e t y  f o r  s m a l l  b o a t  o p e r a t o r s  cou ld  a l s o  be  

r e a l i z e d  from such  s t u d i e s .  

S i n c e  s e a  w a t e r  e x h i b i t s  s e l e c t i v e  a b s o r p t i o n  of t h e  i n c i d e n t  r a d i a t i o n ,  

t h e  spec t rum becomes a f u n c t i o n  of d e p t h .  I n  g e n e r a l ,  t h e  g r e a t e r  d e p t h  o f  

p e n e t r a t i o n  is  a c h i e v e d  by t h e  s h o r t e r  wave l e n g t h s  i n  o c e a n i c  and c l e a r  

c o a s t a l  water, w h i l e  t h e  l o n g e r  wave l e n g t h  r a d i a t i o n  e x h i b i t s  t h e  b e s t  

t r a n s m i s s i o n  i n  a v e r a g e  and t u r b i d  c o a s t a l  w a t e r s .  Comparison,  t h e n ,  o f  t h e  

f o u r  images o b t a i n e d  from t h e  mul t iband  camera s y s t e m ,  c a n  y i e l d  i n f o r m a t i o n  

c o n c e r n i n g  r e l a t i v e  d e p t h s  of  obse rved  phenomenon. 

The I R  f i l t e r  allo:.rs u s  t o  s e e  o n l y  t h e  top  few m i l l i m e t e r s  o f  t h e  

ocean  and i s ,  t h u s ,  e s p e c i a l l v  e f f i c i e n t  i n  d e f i n i n g  l and-sea  bounda ixes .  Jn 

o b s e r v i n g  t h e  o u t l y i n g  r e e f s  and i s l a n d s ,  i t  i s  q u i t e  c l e a r  which p o r t i o n s  

a r e  d r y .  Comparison o f  t h e  r e d  and g r e e n  photography r e v e a l e d  s i m i l a r  f e a t u r e s  

a l o n g  t h e  c o a s t .  These f e a t u r e s  are p r o b a b l y  e i t h e r  o f f s h o r e  sand  b a r s  and 

t u r b i d  w a t e r  due  t o  wave a c t i o n  on t h e  d e p o s i t s  o r  t u r b i d  w a t e r  due  t o  a  

l o n g s h o r e  c u r r e n t .  Sediment t r a n s p o r t  i n  Laguna Alvarado and Laguna Camaronera 

w i t h  s u b s e q u e n t  s e d i m e n t a t i o n  a t  t h e  mouth of Rio  Papo laapan  was marked.  Mul t i -  

band s t u d i e s  o f  t h i s  p a r t i c u l a r  a r e a  could  d e t e r m i n e  s e d i m e n t a t i o n  r a t e s  and 

p a t  t e r n s .  

Both t h e  b l u e  and t h e  g r e e n  f i l t e r s  y i e l d e d  good d e f i n i t i o n  o f  bot tom 

topography and v e g e t a t i o n  of a l l  t h e  r e e f s .  T h i s  photography c o u l d  be used i n  

a n  u:>da ting of t h e  avail ah4 e c l i a r t s  of tl-ii~ region and coirltl v e r y  ~ i c l l  pr o v i d c  

rhtl b:is;q f o r  a q ~ i ; . r i t - t l : i , r e  i l l r v z y  n > , i u l r i G  vc5q t> t , i t  ic3.1 in t h j s  .ire,r, 



'B 

The themla l  irnagery obtained by t h e  dual charrrlel infrared scariner was 

s u c c e s s f u l  i n  d e l i n e a t i n g  s h i p s '  wakes and wave s h o a l i n g .  S h i p s  themselves  

were q u i t e  r e a d i l y  i d e n t i f i a b l e .  I n  t h e  o t h e r  phatography,  s e v e r a l  i n s t a n c e s  

of d i s t i n c t  c o l o r  changes  were n o t i c e d .  Each c o l o r  change,  e x c e p t  t h e  p o l l u t a n t  

f lowing  nor thwes t  n e a r  t h e  beach from t h e  v i c i n i t y  of t h e  p o r t  of V e r a c r u z ,  

e x h i b i t e d  a  cor responding  the rmal  boundary.  Q u a l i t a t i v e l y  t h e n ,  t h e  s e a  

s u r f a c e  c o l o r  and t h e r m a l  c o n f i g u r a t i o n  were t h e  same. Even t h e  one e x c e p t i o n  

i s  u s e f u l  s i n c e  i t  is  s e e n  t h a t  t h e  p o l l u t a n t ' s  t em?era tu re  i s  a p p r o x i m a t e l y  

t h e  same a s  i t s  environment .  Th i s  might  b e  of some a s s i s t a n c e  i n  d e t e r m i n i n g  

i t s  s o u r c e ,  
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OCEANOGWHIC FEATURES 
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s t r eaks .  C.d.rculaeion end 
s e d i m e n t  t r a i l s p o r t  iagur .2.  
Hand ingo Grand  e , 

(a. 



R e s u l t s  - I ru l ' r -~ l r i r~r r r~  - of O b j e c t i v e s  

I n  view of t h e  d a t a  r e c e i v e d  a t  Texas A & P.I, t h e  present .  e v a l u a t i o n s  of 

t h e  f u l f  i l l m e n t  of t h e  t e s t  o b j e c r i v e s  a r e  a s  f o l l o w s  :: 

A, Correlation of chloiophyll d l s t L  i b u c i o n  t o  conceni~ a ~ i o n ,  No s i ~ i p  

d a t a  r e p o r t i n g  c h l o r o p h y l l  c o n c e n t r a t i o n  h a s  been r e c e i v e d ,  Recent work  by 

C l a r k e  and E i ~ i n g  a t  Woods Role  Oceanographic I n s t i t u t e  i n d i c a t e s  t h a t  some 

i d e a  of t h e  c h l o r o p h y l l  d i s t r i b u t i o n  might p o s s i b l y  be  ach ieved  by a  c a r e f u l  

a e r i a l  a n a l y s i s ,  However, none of t h i s  ex t remely  s e n s i t i v e  and e x p e r i m e n t a l  

eqclipment i s  y e t  a v a i l a b l e  f o r  g e n e r a l  remote s e n s i n g  work, No d a t a  was 

t a k e n  by t h e  a i r c r a f t  from \%hich  t h e  c h l o r o p h y l l  d i s t r i b u t i o n  migh t  b e  

i n f e r r e d .  T h i s  o b j e c t i v e  was,  t h e r e f o r e ,  n o t - a c h i e v e d ,  

B .  D i s t i n g u i s h  e x t e n t  of bottom v e g e t a t i o n ,  T h i s  o b j e c t i v e  was met 

i n  a l l  a r e a s  which were s u f f i c i e n t l y  sl lal loir  t o  p e r m i t  l i g h t  p e n e r r a L i o n  t o  

t h e  bot tom.  Grass  d i s t r i h u t i o i l  i s  c l e a r l y  delineated on t h e s e  pho tographs ;  

and,  moreover,  w i t h  some ground t r u t h ,  the d i s t r i b u i i c n s  o f  d i k f e r e n t  types 

of vegeiratiorn cou LJ b e  ni;,;>pzd, 

C .  Def -fire d i s ~ r l b i ~ r l o i ~  oi cche s=d--s t r r fac~ thernial p a ~ t ~ r  11s PRr- > 

( in f r~aae i l  t h e r n i o ~ i l r ~ ~ ~ ~ )  d3c1? i l c  s rat Leeii cce jued  d'c Te,;,r.; k 5: icr biir. rhf; 

RS-Lhl ( i ~ ; f r s ~ ~ ~ i ~  i r ~ , ~ g c  ) t r r - ~ L J  i L ig i na , ?p~  J i hi Ll-te~,llci  f t o n r s  an c.he dies a n d  

e v e n  4e j ? , ~ ~ ~ r j c  l L ~ I C  C , / l ~ r  I ~ I ~  

i B ,  I I o r  L 4 I c 1 n C th-. 

i f  t i < i i I  

@ l v e L  C ~ i i l  i Z U  i ,  



E ,  I,oior e datcf f l c i  iaie p i i s s i b  l e uli ivei  i ~ n g  I 11 ~ h r s  a r e a -  Iyo p o s & r l v e  

evrdence  of upwel$irig ex i s t s  In e i t h e r  t h e  s h i p  d a t a  o r  t h e  a i r c r a f t  d a t a ,  

T h e  dynamics of the wFnd aiid eurrernt  systeins n e a r  Veracruz are n o t  s u c h  a s  

t o  a i l o w  i n t e n s e  u p w e l l i n g ,  T h i s  i s  n o t  t o  s a y  t h a t  no upwel l ing  e x i s t s .  

;hil, ( ?a id  i s  t o o  s p a r s e  f o r  a complete  a n a l y s i s .  A i r c r a f t  d a t a  show some 

t',ijriaa I f r o11t s  chic-h may o r  may n o t  b e  e v i d e n c e  of upwel l ing .  

F ,  Uel r r ~ e a t e  s u b s u r f  a c e  topography and w a t e r  d e p t h s  ( h y d r o g r a p h i c  mapping) . 
l'lle eilt ] r e  s l i b s u r f a c e  topography of  t h e  v a r i o u s  r e e f s  n e a r  Veracruz was v e r y  

c l e a r l y  d e f i n e d ,  Color  T R  and b l a c k  and w h i t e  I R  photographs  c l e a r l y  d e f i n e  

tile p o r t i o n  of l a n d  o u t  of w a t e r  and t h e  land-water  i n t e r f a c e .  Channels 

i f ~ r  >ilgll and i n t o  t h e  r e e f s  were d e l i n e a t e d .  A r e l a t i v e  e s t i m a t e  of d e p t h  can  

I J ~  e a s l l y  a s c e r t a i n e d  i n  t h e  n e a r s h o r e  and r e e f  r e g i o n s  from photography of 

t h e  bottom and o b s e r v a t i o n s  of wave r e f r a c t i o n  p a t t e r n s ,  Abso lu te  v a l u e s  of 

d e p t h  a r e  much h a r d e r  and more e x p e n s i v e  t o  come by and i n v o l v e  some s o r t  o f  

measurement o f  t h e  change i n  t h e  wave p a t t e r n  a s  i t  comes a s h o r e .  A F o u r i e r  

t r a n s f a r m  i s  u s u a l l y  made of t h e  g l i t t e r  p a t t e r n ;  and t h i s  p r o c e s s  i s ,  i n  

g e i l ~ r a l ,  q u i t e  a t e d i o u s  t a s k ,  A good u p d a t e  and permanent r e c o r d  of t h e  

Veracruz h a r b o r  and approaches  h a s  been r e c o r d e d  by t h i s  m i s s i o n ;  and t h e  d a t a  

a r e  of s ~ i f f i c r e n t  q u a l i t y  t o  d e l i n e a t e  any dangerous  a r e a s  t o  mar ine  t r a f f i c ,  

s o  t h i s  o b j e c t i v e  h a s  been a c h i e v e d .  

G. Determine s o u r c e s  and d i s t r i b u t i o n  of p o l l u t i o n  i n  n e n r s h o r e  a r e a s ,  

- r h i s  o b j e c t i v e  was c l e a r l y  dchie-\7ed, A poLLutlorl  s o u r c e  j u s t  n u r t h  of tfie 

il ,)r  t o f  Vecac r uz r j - 0 ;  c c ~ i z  i y  derrcteci aild i &s f l o ~ d  ,ilorlg -the c o a s t  and i n t o  

I 1 e d l  c i L 1 I 1 %  r e  c 5 1 NO ~ V I ~ ~ I I C C  t k i ~ l n i ~ l i  

, 1 a r > i  i t i t  , l ci I 6- I I-,'S,?l ~ L L C I I I  U L  ~ i i t  ~ 3 - 1 4  



is c~72d;~a t  Pi l  ,, L v i  , i u l ~ s i .  1% i-irri: iirtrlti"und photography River o ~ t f  low 2 s  

c l e a r l y  de f ined ,  and sed iment  p a t t e r n s  i n  t h e  i n s h o r e  bays  a r e  a l s o  

d e l i n e a t e d ,  

Recorm~endations f a r  F u t u r e  A n a l y s i s  

Kore i n f o r m a t i o n  can b e  o b t a i n e d  from some of t h i s  a i r c r a f t  d a t a .  

Swel l  p a t t e r n s  c a n  b e  r e l a t e d  t o  s t r o n g  winds o r  s to rms  e l s e w h e r e  i n  t h e  

G u l f .  (Th is  was g o i n g  t o  be  done by Texas A & M U n i v e r s i t y ,  b u t  t h e  monthly  

weathe? review f o r  A p r i l  h a s  n o t  been p u b l i s h e d  y e t . )  

Color  s e p a r a t f o n  t e c h n i q u e s  cou ld  be used on c e r t a i n  f rames  t o  b e t t e r  

i l l u s t r a t e  t h e  s e d i n e n t  l o a d s ,  b a t h p e t r y ,  and d i s t r i b u t i o n  of bot tom g r a s s e s .  

F o u r i e r  A n a l y s i s  of wave and s w e l l  p a t t e r n s  would g i v e  a  q u a n t a t i v e  

e s t i m a t e  of t h e  w a t e r  d e p t h s .  

Recommendations f o r  F u t u r e  ?.f issions -- . 

The P o l l o ~ s i n g  q u a n t i t i e s  sflornld be  measured o r  e s t i m a t e d  a t  e a c h  s h i p  

s t a t i o n  i f  t h e  m i s s i o n  o b j e c t i v e s  remain a s  g e n e r a l  a s  t h o s e  f o r  Miss ion  91: 

Time of  day 
Cont inuous  r e c o r d  of s e a  s u r f a c e  t empera tu res  
Wave p e r i o d  
Wave d i r e c t i o n  
Ship  d r i f t  ( d i r e c t i o n  and v e l o c i t y )  
Oxygen 
N u t r i e n t s  
C h l o r ~ p k y  LP 

The t i r i l e  0-6' d a y  2nd cor i t fnuons  sea surface temperature would be helpful 



d b s e i l c ~  o f  S % C O I I ~  W L L I L L S )  is ui ien .  air e x c e l l e n t  i n d i c a t ~ c l n  of che strength and 

d i r e c t i o n  of t h e  -1earshore c u r r e n t s ,  Some s o r t  of d i r e c t  measurement of 

n e a r s h o r e  c u r r e n t s  i s  u s u a l l y  n e c e s s a r y  a s  t h e  dep th  i s  n o t  s u f f i c i e n t  t o  

a p p l y  g e o s t r o p h i c  t e c h n i q u e s  and t i d a l  i n f l u e n c e  i s  u s u a l l y  of major  impor tance .  

The measurement o f  oxygen and n u t r i e n t s  ( n i t r o g e n ,  phospha te ,  e t c . )  i s  most 

h e l p f u l  i n  measur ing a r e a s  of upwel l ing  o r  h i g h  b i o l o g i c a l  p r o d u c t i v i t y  a s  i s  

t h e  c h l o r o p h y l l  d i s t r i b u t i o n .  B e t t e r  s h i p  coverage  cou ld  have been a c h i e v e d  

th rough  t h e  u s e  of a  bathythermograph and /or  s u r f a c e  samples  between h y d r o g r a p h i c  

s t a t i o n s .  

The g e n e r a l  n a t u r e  of t h i s  m i s s i o n  n e c e s s i t a t e d  t h e  u s e  of a l l  t h e  v a r i o u s  

a i r c r a f t  s e n s o r s ,  F u t u r e  oceanograph ic  m i s s i o n s  would b e  more s u c c e s s f u l  i f  

aimed more a t  c e r t a i n  oceanograph ic  f e a t u r e s  and a l l  a i r c r a f t  and s h i p  s e n s o r s  

geared  t o  t h e  oceanograph ic  f e a t u r e s  r e q u i r e m k n t s ,  The SLAR was of such  poor  

q u a l i t y  t h a t  i t  p r e s e n t l y  i s  of no s c i e n t i f i c  v a l u e .  The t h e r m a l  imagery i n  

t h e  3 - 5 . 5 ~  r e g i o n  would p robab ly  be improved by n i g h t  f l i g h t s .  

T h i s  m i s s i o n  was s laccess fu l  i n  de te rmin ing  t h e  oceanograph ic  f e a t u r e s  

found i n  t h e  c o a s t a l  a r e a  n e a r  Veracruz .  However, Veracruz i s  n o t  a  

p a r t i c u l a r l y  dynamic oceanograph ic  a r e a ,  F u t u r e  a i r c r a f t  m i s s i o n s  i n  Mexico 

shou ld  i n c l u d e  t h e  r e g i o n s  of s t rong  c u r r e n t s  and known upwel l ing  n e a r  t h e  

Yucatan Coast .  A m i s s i o n  shou ld  a l s o  be  planned f o r  t h e  P a c i f i c  Coast  of 

Mexico, where better dynamic c o n d i t i o n s  f o r  upwel l ing  e x i s t ,  F u t u r e  a i r c r a f t  

m i s s l o n s  over  ehe  ocean and c o a s t a l  areas shou ld  be planned toward more 

s p e c l f l c  o b j e c t i v e s ,  a s  t h e  s c ~ e n t i i i c  value o f  data  f rom the v a r i o u s  a i r -  

boi  rlc i c ~ ~ ~ ; o c ,  h a 5  be*en t : c 4  r ,-ic ; i ncsd ctr 1 s rlil c , i i o n ,  
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On Septelnber 8, Br ,  Huebner, B i l l  M e r r e l l ,  and Rober t  idh i t aker  

t r a v e l e d  t o  NASAIFISC i n  IIouston t o  meet w i t h  t h e  B r a z i l i a n s  and t o  

a s s i s t  i n  t h e i r  a n a l y s i s  of t h e  r n u l t i s e n s o r  d a t a  t a k e n  w i t h  t h e  NASA 

A i r c r a f t .  T h i s  f i r s t  f l i g h t  was c o n s i d e r e d  s u c c e s s f u l  by a l l  t h e  

p a r t i c i p a n t s  due t o  t h e  a v a i l a b i l i t y  of e x c e l l e n t  ground t r u t h  and 

c o l o r  photography,  The d a t a  were  reviewed and a n  o u t l i n e  of a p r e l i m i n a r y  

d a t a  r e p o r t  p r e p a r e d .  

A "Quick-Look" r e p o r t  of t h e  d a t a  t a k e n  o v e r  Cabo F r i o ,  B r a z i l  ( T e s t  

SiCe 805 - Miss ion  96) under t h e  E a r t h  Resources  Program on J u l y  7 ,  1969,  

was p r e p a r e d  f o r  u s e  d u r i n g  t h e  B r a z i l i a n  Data Review i n  Rio d e  J a n e i r o ,  

B r a z i l ,  J a n u a r y  12-14, 1970. T h i s  r e p o r t  was p repared  by B i l l  M e r r e l l  

and Rober t  Whitaker and submi t t ed  3 1  December 1969,  

T h i s  r e p o r t  i s  a  p r e l i m i n a r y  a n a l y s i s  of d a t a  t aken  aboard NASA 

A i r c r a f t  on J u l y  7 ,  1969, o v e r  t h e  B r a z i l i a n  C o a s t .  The d a t a  reviewed 

i n  t h i s  r e p o r t  c o n s i s t e d  of c o l o r  photography,  f a l s e  s o l o r  IR photography ,  

m u l t i b a n d  photography i n  f o u r  s p e c t r a l  r e g i o n s ,  and i n f r a r e d  imagery,  

The pho tograph ic  d a t a  were t a k e n  on f i v e  f l i g h t  Lines a t  1 5 , 0 0 0  f e e t ,  and 

i n f r a r e d  d a t a  were t a k e n  on f o u r  f l i g h t  l i n e s  a t  3 ,000 f e e t .  E x c e l l e n t  

"surface t r u t h f P  was o b t a i n e d  by B r a z i l i a n  v e s s e l s  i n  t h e  a r e a .  However, 

no s h i p  data were used i n  t h i s  r e p o r t ,  and t h i s  a n a l y s i s  i s  f u r t h e r  

~ i i i ~ i t e d  t o  t h e  a i r c r a f t  d a t a  received by Texas A b! M U n i v e r s i t y .  
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MISSION 96 ,  SITE 805; CAB0 FRIO, BRAZIL 

INTRODUCTION 

T h i s  r e p o r t  is a  p r e l i m i n a r y  a n a l y s i s  of d a t a  t a k e n  aboard NASA a i r -  

c r a f t  on J u l y  7 ,  1969, over  t h e  B r a z i l i a n  Coast .  The d a t a  reviewed i n  t h i s  

r e p o r t  c o n s i s t e d  of c o l o r  photography,  f a l s e  c o l o r  IR photography,  mul t iband  

photography i n  f o u r  s p e c t r a l  r e g i o n s ,  and i n f r a r e d  imagery.  The p h o t o g r a p h i c  

d a t a  were t a k e n  on f i v e  f l i g h t  l i n e s  a t  15 ,000  f t . ,  and i n f r a r e d  d a t a  were  

t aken  on f o u r  f l i g h t  l i n e s  a t  3 ,000 f t .  E x c e l l e n t  " s u r f a c e  t r u t h "  w a s  

o b t a i n e d  by B r a z i l i a n  v e s s e l s  i n  t h e  a r e a ,  However, no s h i p  d a t a  were used 

i n  t h i s  r e p o r t ,  and t h i s  a n a l y s i s  i s  f u r t h e r  l i m i t e d  t o  t h e  a i r c r a f t  d a t a  

r e c e i v e d  a t  Texas A & M. 

O v e r a l l ,  t h e  q u a l i t y  of t h e  d a t a  was e x c e l l e n t .  The r e s o l u t i o n  of t h e  

photography was good, and t h e  m i s s i o n  was flown on a  v e r y  c l e a r  day ,  s o  

a tmospher ic  a t t e n u a t i o n  i s  minimal .  The o v e r l a p  o f  i n d i v i d u a l  f rames was 

b e n e f i c i a l  t o  t h e  a n a l y s i s .  

The c o l o r ,  a s  w e l l  a s  t h e  m u l t i - s p e c t r a l  e x p o s u r e s ,  of S i t e  805 were  

of h igh q u a l i t y ,  The f a l s e  c o l o r  IX photography was n o t  of t h e  same q u a l i t y  

d u e  tu  low exposure ,  Noise impaired t h e  I R  imagery o b t a i n e d  from t h e  3.0-5.5~ 

c h a n n e l ,  b u t  t h e  s i g n a l  t o  n o i s e  r a t i o  on t h e  8 - 1 4 ~  channe l  was l a r g e r  and 

t h e  d a t a  g a t h e r e d  i n  t h i s  region of t h e  spectrum were of good q u a l i t y *  



i h e  t a c a l o g  o i  nieanograpi-irt- features o t s e r v e d  s n  t h e  c o l o r  and i -asse 

c o l o r  LR photography Lists clhe f e a t u r e s  c h r o n o l o g i c a l l y ,  w i t h  t h e  box t o  t h e  

l e f t  under each f e a t u r e  p e r t a i n i n g  t o  t h e  c o l o r  frame number and t h e  box t o  

t h e  r i g h t  p e r t a i n i n g  t o  t h e  f a l s e  c o l o r  IR f rame number. Nearshore  c u r r e n t s  

a r e  c l e a r l y  d e l i n e a t e d  by d i s t i n c t  c o l o r  changes caused by sediment  t r a n s p o r t  

of r i v e r  o u t f l o w ,  The l and-sea  boundary i s  c l e a r l y  d e f i n e d  i n  t h e  f a l s e  

c o l o r  I R  vhotography,  and bottom topography i n  s h a l l o w  a r e a s  i s  v i s i b l e  i n  

b o t h  s e t s  of photographs .  

S t u d i e s  of s e d i m e n t a t i o n  p a t t e r n s ,  i n  a d d i t i o n  t o  s t u d i e s  of wave 

d i f f r a c t i o n ,  r e f r a c t i o n ,  and i n t e r f e r e n c e  a s  observed i n  c o l o r  and f a l s e  

c o l o r  IR photography could  a i d  c o a s t a l  e n g i n e e r s  i n  j e t t y  c o n s t r u c t i o n  and 

d redg ing .  I n c r e a s e d  s a f e t y  f o r  s m a l l  b o a t  o p e r a t o r s  cou ld  a l s o  b e  r e a l i z e d  

from such  s t u d i e s .  

S e v e r a l  s l i c k s  a r e  s e e n  i n  t h e  g l i t t e r  p a t t e r n s  o f f  t h e  B r a z i l i a n  Coas t .  

When o u t  of t h e  g l i t t e r  p a t t e r n  on o t h e r  pho tographs ,  t h e  r e g i o n s  i n  which 

t h e  s l i c l c s  appeared o f t e n  have foam o r  seaweed l i n e s  o r  a  pronounced c o l o r  

boundary i n d i c a t i n g  t h e s e  s l i c k s  are formed i n  a r e a s  of convergence a s  

would b e  e x p e c t e d ,  These convergence zcnes a r e  o f t e n  good f i s h i n g  a r e a s .  

An i n t e r e s t i n g  oceanographic  phenomenon i s  d e p i c t e d  i n  t h e  p redominan t ly  

northward f low of tile sediment- laden o u t f l o w  from the r i v e r s  and l a g o o n s ,  

T h i s  nor thward f l o w  may be i n d i c a t i v e  of a n e a r s h o r e  c o u n t e r - c u r r e n t  a s s o c i a t e d  

a~t i1-n the Brazil cur r e n t  iij-iilcir i J i i . i : s  to tkl-ic i o u t h  i - c ~ ~ r l y  uedr t E l t  c o a s t  in 

i i ~ c i i b l i i i L  i ' d ' i I f 2 e  c c ' ~ " ~  L i i l ~  ~CgioiY i t  - - *  r j  J c r z r  d C S n C L J t p ( j  \ q i k k l  \ 7 e C Y * 7  R 
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The K-62 mul t iband camera system employed t h e  f o l l o w i n g  bandpass  f i l t e r s :  

477mu ( b l u e ,  W r  47) ,  530mu ( g r e e n ,  W r  5 7 ) ,  617mu ( r e d ,  W r  2 5 A ) ,  and 750mu 

( I R ,  W r  89B). S i n c e  s e a  wa te r  e x h i b i t s  s e l e c t i v e  a b s o r p t i o n  of t h e  i n c i d e n t  

r a d i a t i o n ,  t h e  spectrum becomes a f u n c t i o n  of d e p t h .  I n  g e n e r a l ,  t h e  g r e a t e r  

d e p t h  of p e n e t r a t i o n  i s  achieved by t h e  s h o r t e r  wavelengths  (470mu) i n  

o c e a n i c  and c l e a r  c o a s t a l  w a t e r s ,  w h i l e  l o n g e r  wavelength  r a d i a t i o n  (550mp) 

e x h i b i t s  t h e  b e t t e r  t r a n s m i s s i o n  c h a r a c t e r i s t i c s  i n  average  and t u r b i d  c o a s t a l  

w a t e r s  due t o  s e l e c t i v e  a b s o r p t i o n ,  

A comparison of t h e  f o u r  images o b t a i n e d  from t h e  K-62 mul t iband  cantera 

svstem can y i e l d  i n f o r m a t i o n  concerning r e l a t i v e  d e p t h s  of obse rved  phenomenon. 

For example, i n  t h e  mul t iband  photography u t i l i z i n g  t h e  b l u e  bandpass  f i l t e r ,  

t h e  r i v e r  e f f l u e n t  (Frames 0064-0066) can b e  d e l i n e a t e d  some d i s t a n c e  o f f s h o r e  

and downstream w h i l e  t h e  g r e e n  bandpass f i l t e r  e n a b l e s  us  t o  t r a c e  t h i s  f low 

even f a r t h e r  (Frames 0064-0077). Exposures of t h e  same r e g i o n  u s i n g  t h e  r e d  

bandp,lss f i l t e r  e x h i b i t  t h e  s u r f  a c e  f e a t u r e s  q u i t e  w e l l  due t o  low a t m o s p h e r i c  

a t t e n u a t i o n  (Frames 0535-0537). The I R  handpass  f i l t e r  i l l u s t r a t e s  no n e a r -  

si iore f e a t u r e s  b u t  r e a d i l y  d e f i n e s  t h e  l and-sea  boundar ies  (Frames 4781-4783). 

A Li:ue-<,erlcs of s u c l ~  a t lo lograpi~y coti1d be u s e f u l  i n  de te rmin ing  t h e  v a r i a b i l i t y  

a n d  r e l a t i v e  dep th  of t h e  r i v e r  ' s sediment  l o a d ,  

111 Frames 0010 and 0011 (IJr 47 f i l t e r ) ,  t h e  bottom topography i n  t h e  

i n l e t  and a long  tire beac11 can be seen b u t n o t  w i t h  t h e  c l a r i t y  and d e t a i l  one 

f i n d s  on Frames OUlC and O C 3 1  (IJr  57  filtzr), Xo d e t a i l s  of t l i e  bottom 

t o n o g r a p i ~ ;  i r i  X'r,iriit - "570 ciird ii[,/ L ) 5 A )  1 3 1 1  o t ) s t ~ v ~ d  i l l  tt10ugh ci te 

boi- om c - ~ i r l  hi. seen ,  4 1  exot-t r ctr , i d  e u r ~ o h u r c - i  ci.11~ 1 ov tile LJL 8% f i  Lter 

(Frames 4 7 2 8  and 4720) cxl i ib i  i_ no ho ti0111 t u p o g r a p h v .  



The RS-14 i n f r a r e d  imager was flown on f l i g h t  l i n e s  5 ,  6 ,  7 ,  and 8  

a t  an  a l t i t u d e  of 3 ,000 f t .  Imaged d a t a  a r e  a v a i l a b l e  i n  b o t h  t h e  8-14p 

and 3 . 0 - 5 . 5 ~  r e g i o n s .  The 8-14y d a t a  a r e  of b e t t e r  d e f i n i t i o n .  

The I R  imagery employing t h e  8-14p channe l  d e l i n e a t e s  numerous t h e r m a l  

boundar ies .  These boundar ies  can sometimes be  a s s o c i a t e d  w i t h  c o l o r  

boundar ies  a n d / o r  convergence l i n e s  e v i d e n t  i n  t h e  c o l o r  and f a l s e  c o l o r  I R  

photography. However, w i t h o u t  b e t t e r  s p a t i a l  c o n f i r m a t i o n ,  t h i s  a s s o c i a t i o n  

can n o t  be made w i t h  c e r t a i n t y .  A few the rmal  b o u n d a r i e s ,  most of which a r e  

n e a r s h o r e ,  could  be  found i n  t h e  imagery u t i l i z i n g  t h e  3 . 0 - 5 . 5 ~  channe l .  



. .. Apollo IS - Oceanography (Note:  Reproduct ion of a c t u a l  photography 
a s  c a l l e d  f o r  i n  f i g u r e  numbers h a s  n o t  been done f o r  t h i s  r e p o r t ) .  

lNTt<ODUCTION I 

The photography of t h e  o c e a n i c  and c o a s t a l  r e g i o n s  o f  e a r t h  t a k e n  from 

Apol lo  I X  i s  f a r  s u p e r i o r  t o  t h a t  of p rev ious  manned m i s s i o n s .  The handheld  

photography i s  of v e r y  h i g h  q u a l i t y  w i t h  a  minimum of unfocused and p o o r l y  

exposed f rames .  Many oceanograph ic  s i t e s  were photographed,  and nlost of t h e s e  ' 

were froic t h e  v e r t i c a l  o r  n e a r - - v e r t i c a l .  O v e r a l l ,  t h e  men aboard Apol lo  I X  

d i d  a  good j o b  of photographing i n t e r e s t i n g  oceanograph ic  phenomena a l t h o u g h  

some s p e c i f i c a l l y  r e q u e s t e d  s i t e s  were n o t  photographed and few frames were 

t a k e n  over  t h e  c e n t r a l  oceans .  

The SO-65 exper iment  was a l s o  conducted on t h e  f l i g h t  of Apol lo  I X .  Four 

canicras :\7ere mounted i n  t h e  s p a c e c r a f t  window and s in lu l t aneous ly  r e c o r d e d  

pho tographs ,  one on c o l o r  IR f i l m  and t h e  o t h e r  t h r e e  on  b l a c k  and w h i t e  

f 11111 w i t h  d i f f e r e n t  f i l t c r  combinat ions .  Too few photogra1,hs of ocean 

p;le1>~1~1e11a v t r e  r e c o r d e d ,  b u t  sorile of t h e  photographs  o f  c o a s t a l  a r e a s  i l l u s t r a t e  

t h e  b e n e f i t 3  of t h e  ~ u l t i s p e c t r a l  approach.  Indeed ,  t h e  SO-65 exper iment  i s  

t h e  s t a r t  of a  ne.i+7 dimension i n  o r b i t a l  photograpl~y which shou ld  e v e n t u a l l y  l e a d  

t o  ruore q u a n t i t a t i v e  n.t?asu~-erlerlts of ocean psi-a~neters from s p a c e ,  

OCF,AN YE-ITLlC-ES OCSfER.T.'EU 

T h e  oceatlilgl ~piGic-  fe?;.iti~res ohiti:t~:tA i r - 1  lip:>l lo T X  pilotc-)grapl~:; are, in 

I : :  I , i I : :  t i  I S ;  I i I i i  i 1 0  I S I C  FTowi?ver, 

many o f  t-licse f earari..; a r r  i-?oS: t  v i v i d i i y  d i s ! , i a y e d  i t7  t l i i a  Ai)olLo I>; serj ts. 
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T h i s  s e c t i o n  i s  a g e n e r a l  d i s c u s s i o n  of t h e  t y p e s  of o c e a n i c  f ea tu res  

o b s e r v e d .  I n  t h e  n e x t  s e c t i o n ,  s p e c i f i c  examples of t h e s e  phenomezla a r e  

i l l u s t r a t e d  and d i s c u s s e d  i n  more d e t a i l .  

Apol lo  I X  photography i n c l u d e s  many o u t s t a n d i n g  pho tographs  of r i v e r  

plumes and c o a s t a l  t u r b i d i t y  p a t t e r n s .  E s t i m a t e s  of t h e  sediment  l o a d ,  t y p e s  

of s e d i m e n t s  and s t r e n g t h  of f low of t h e s e  r i v e r s  can be  determined f rom t h e s e  

p a t t e r n s .  The d i r e c t i o n  of l o n g s h o r e  c u r r e n t s  i s  o f t e n  e v i d e n t  i n  t h e  c o a s t a l  

t u r b i d i t y  p a t t e r n s ,  and t h e  e f f e c t s  of j e t t i e s  and c o a s t a l  topography a r e  

r e c o r d e d .  The a d d i t i o n a l  i n f o r m a t i o n  o b t a i n e d  by u s i n g  d i f f e r e n t  f i l t e r  

coinbinat ions  on t h e  SO-65 exper iment  can b e  used t o  e s t a b l i s h  t h e  t r u e  c a u s e  

of some d o u b t f u l  p h o t o g r a p h i c  f e a t u r e s  s e e n  i n  t h i s  r e g i o n .  I n  r e g u l a r  c o l o r  

p!lotographs,  i t  i s  o f t e n  i m p o s s i b l e  t o  d e t e r m i n e  whether  c o l o r  s t r e a k s  i n  

cor  s t a l  r e g i o n s  were due t o  bottom r e f l e c t i o n ,  t u r b i d i t y ,  s u r f  a c e  con taminan ts  

or 1 i g h t  c loud  cover .  The SO-65 exper iment  pho tographs ,  when viewed t o g e t h e r ,  

give c o ~ ~ c l u s i v e  ev idence  a s  t o  whether  t h e  c o l o r  f e a t u r e  i s  above o r  below t h e  

s e a  s:11 f a c e  and even p r o v i d e  an  e s t i m a t e  a s  t o  i t s  d e p t h .  

A s  i11 p r e v i o u s  s p a c e  f l i g h t s ,  some e x c e l l e n t  pho tographs  of t h e  Bahamn 

Eariks were o b t a i n e d .  The ocean w a t e r  i s  v e r y  c l e a r  i n  t h i s  a r e a  and t h e  

b a i l i y l l ~  t r y  i s  c l e a r l y  d e f i n e d  i n  t h e  photographs  as w e l l  a s  t h e  d i f f e r e n t  t y p e s  

clr z l  ac,: ts and ocean bottom. Color  1R photographs  of t h e  Georgia  c o a s t  c l e a r l y  

cl P I r r r  I t t .  u l lder '  n i  c>r ch2nnels  and t h e  l and- - sea  b o u n d a r i e s .  

0ce;ill wave  s i ~ e l l  i vcr-y c l e a r l y  recorded  a s  a rc  " b o ~ ~ "  waves a s s o c i a t e d  

~i tl! tht Ir !c a r o ~ ~ n d  is1 ands,  

50 i o i  t , in ;c  phi"'"" "fi' T I O P  o i l i i i  :-crAn i n  sr:,icC ~ ) l i c ) - i ~ y r < i p l i y  are a l s o  

1 1 t i  4 1 T Y i AIL ilni;c l l i r i r ,  rcy,ion on tile n o r t h  c o a s t  of  

J,t:i:. c ' ?  i s  cl e j r l  \ dt .5 i r ; t  t i  , $101  ~ ' ~ V C L  , a s i i l ~ l  e p h o t t 3 ~ r a p i l  i a'.e11 in thc t1c~t.1) 



l i  the  occ'zr~, and a surface roughness boundary probably assocr ia ted with a  

convergence zone o r  a wind s h e a r  p a t t e r n .  

SPLECTED APOLLO I X  FRAMES 

Ocean Waves Near Elorocco. F i g u r e  1 (Apol lo  I X  Frame 3617) shows a p o r t i o n  - --- 

) r  t h e  Medi te r ranean  Sea n e a r  Agadi r ,  Morocco. I n  t h e  g l i t t e r  p a t t e r n ,  o n e  

, a n  see a v e r y  r e g u l a r  p a t t e r n  of s w e l l  t r a v e l i n g  toward t h e  c o a s t .  T h i s  

): , I > r n  i s  t h e  c l e a r e s t  photography of ocean  s w e l l  y e t  made from s p a c e  i n  t h e  

m ~ n n e d  program of t h e  NASA. 

At~uospher ic  Waves and t h e  S t .  Johns  R i v e r .  F i g u r e  2 shows Apol lo  I X  --- 

Frame 3049. One shou ld  n o t e  t h e  b l a c k  plume of t h e  S t .  Johns  R i v e r  l o c a t e d  i n  

t h e  c e n t e r  of t h e  photograph.  The r i v e r  w a t e r  i s  d a r k  due t o  i t s  h i g h  c o n t e n t  

of bro>mish humic a c i d s  from decaying v e g e t a t i o n  i n  t h e  swamps and marshes  

of F l o r i d a  ( Joyce ,  1969) .  T i d a l  e f f e c t s  on t h i s  r i v e r  a r e  1-arge and at t h e  

t ime  of t h i s  pho tograph ,  i t  i s  l i k e l y  t h a t  t h e  t i d e  is  o u t  o r  moving o u t .  

During h i g h  t i d e s ,  t h e  b l a c k i s h  plume would p r o b a b l y  b e  c u t  o f f  by t h e  s a l t  

wedgc. Also ,  one may s e e  e l o n g a t e d  p a t t e r n s  e x t e n d i n g  from t h e  lower l e f t  of 

F igure  2 t o  t h e  upper  r i g h t .  The c loud p a t t e r n s  appear  t o  be  a c o n t i n u a t i o n  

of t h e  hazy p a t t e r n s ,  Thus,  i t  seems t h a t  i n t e r n a l .  waves i n  t h e  atmospliere 

a r e  c a u s i n g  a  c o n c e n t r a t i o n  of sub-cloud p a r t i c l e s  on t h e  lower l e f t .  

Grea t  Bahama -- Ranks. Apol lo  IX Frames 3343 and 3344 ( F i g u r e  3)  a r e  t h e  

c l e a r e s t  s p a c e  photographs  of t h i s  ~ ~ e l l - s t u d i e d  a r e a  made t o  d a t e .  The d a r k  

a r e a  i s  t h e  Old E ~ h a m a  Channel,  and t h e  i s l a n d s  a r e  Cayo Romano and Cayo Coco, 

Cuba. Intricate patterns of grass on the s a n d y ,  s h a l l o u  bottoin of t h e  banks 

d r i  be seen, 

i - l a r g e  change i l i  Lenl j ie i -ature,  Tn Frariics 30'17 and  3552 (Figure [ I ) ,  it a p p e n r s  







I n s e r t  Frame 3343 

F i g u r e  3a, A p o l l o  I X  Frarlle 3343 

I n s e r t  Frame 3344 



I n s e r t  Frame 3047 

Figu re  4 a ,  Apollo  I X  Frame 3047 

Inser t  Frame 3552 



r h a t  the Gr l r  S t r ca r3 ' s  ec?steril but iqdary i s  marked by a change i n  Low Leve l  c loud 

deve lop ine r i~  .in ckle I o ~ r n e r  case a n d  by a  change in c o l o r  i n  t h e  l a t ee r  c a s e ,  

Note t h a t  t h i s  boundary a p p e a r s  t o  be abou t  1 5  n z u t i c a l  m i l e s  o f f  Cape Kennedy. 

T h i s  cor responds  approx imate ly  t o  t h e  edge of t h e  c o n t i n e n t a l  s h e l f .  

U p ~ i e l l i n g  and Bow Waves Around Jamaica .  F i g u r e  5 a ,  Apol lo  I X  Frame 3315, ---- 

i s  of Jamaica .  The s h a r p  c o l o r  change which e x t e n d s  nor thwes t  from t h e  w e s t  

end of t h e  i s l a n d  i s  probably  t h e  r e s u l t  of upwel l ing  o f f  t h e  i s l a n d ' s  n o r t h  

c o a s t .  Apol lo  I X  Frame 3316, F i g u r e  5b,  i n d i c a t e s  t h a t  no such  c o l o r  change i s  

p r e s e n t  on t h e  e a s t e r n  s i d e  of Jamaica .  From H .  0 .  Pub. 106 ,  i t  i s  a p p a r e n t  

t h a t  t h e  ocean c u r r e n t s  and winds a r e  p redominan t ly  from t h e  e a s t  d u r i n g  March 

i n  t h i s  r e g i o n .  The dynamics t h e n  s a t i s f y  t h e  c o n d i t i o n s  n e c e s s a r y  f o r  up- 

w e l l i n g  t o  occur  on t h e  n o r t h  c o a s t .  Bow waves formed by t h e  westward f l o w  

around t h e  i s l a n d  a r e  v i s i b l e  i n  t h e  g l i t t e r  p a t t e r n .  Many d o u b t f u l  h y d r o g r a p h i c  

f e a t u r e s  a r e  p r e s e n t  i n  t h i s  photograph,  and t h e y  i l l u s t r a t e  t h e  need f o r  m u l t i -  

s p e c t r a l  photography.  For example,  what a p p e a r s  t o  be  t h i n  c l o u d s  j u s t  t o  t h e  

n o r t h  of t h e  i s l a n d  i n  F i g u r e  5.3, Apol lo  I X  Frame 3315, a p p e a r s  t o  b e  a f e a t u r e  

on t h e  s e a  s u r f a c e  i n  F i g u r e  5b ,  Apol lo  I X  Frame 3316. 

An Fddy a t  12'N, ---- 50°W. F i g u r e  6 i s  Apol lo  I X  Frame 3588 which w a s  t a k e n  

from a n  a l t i t u d e  of 107 N.M.  and t h e  p o s i t i o n  of 12"N, 50°W. T h i s  pho tograph  

i l l u s t r a t e s  a  convergence o r  wind s h e a r  zone which i s  d e l i n e a t e d  by the  change 

i n  t h e  g l i t t e r  p a t t e r n  i n  t h e  upper  l e f t  c e n t e r ,  I n  t h e  lower l e f t ,  one can  

e a s i l y  d i s c e r n  a l a r g e  a n t i c y c l o n i c  eddy. The cause  of t h e  c o l o r  changes  

which d e f i n e  t h e  cddy i s  unknown. The c o l o r  p a t t e r n  t o  t h e  l e f t  of t h e  eddy 

corlld be related to k o ~  i zoiiitsl r11oLj oil of tile eddy  or  to horizoiltal cliff u s i o n .  

l h c  l c * r  gc b v ; i L t  6 . , t  L L ~ ~ L .  in L I ~ L  l c -  1 cc>mcr z ~ n d  the  S P I ~ I I  1 s L r c > a L  i l l  t i l e  

ui',h7r Z ~ i t  \inrid corl-ip-nr ar-? ti7ccl;ilt to he dtic. to f i l i l l  p r o c e s s i n ? ,  TiIowever, the 



I n s e r t  Frame 3315 

F i g u r e  52, A p o l l o  IX Frame 3115 

I n s e r t  Frame 3316 





. - ~ h ~ t c  LildliienLdry fe - ;~ tc i res  i o  the a ~ t a r  i i g l i t  and f d s  l e f t  of t l ie t e r z t ~ z , E  s t r e a k  

appear  t o  be rea l  and on t h e  sea s u r f a c e .  E x a c t l y  what t h e s e  a r e  m a n i f e s t a t i o n s  

of i s  unknown. 

T h i s  photograph i s  un ique  i n  t h e  Apol lo  I X  s e r i e s .  Color  d i f f e r e n c e s  of 

t h e  t y p e  i l l u s t r a t e d  i n  t h i s  photograph were thought  t o  occur  o n l y  i n  c o a s t a l  

r e g i o n s .  Few photographs  have been t aken  over  t h e  c e n t r a l  o c e a n s ,  s o  i t  i s  

i m p o s s i b l e  to s a y  how i n d i c a t i v e  of t h e  t o t a l  world  ocean F i g u r e  6 i s .  Mul t i -  

s p e c t r a l  pho tographs  of f e a t u r e s  s i m i l a r  t o  t h o s e  i l l u s t r a t e d  by F i g u r e  6 would 

be  most h e l p f u l  i n  t h e  a c c u r a t e  i d e n t i f i c a t i o n  of t h i s  t y p e  of ocean  pheno~tiena. 

Longshore Cur ren t  and D e l t a i c  D e 2 o s i t s  Along t h e  Texas Coas t .  I f  we s c a n  

Apol lo  I X  Frames 3465 ( F i g u r e  7 a ) ,  3728A ( F i g u r e  9 ) ,  3342 ( F i g u r e  7b ) ,  

and 2989 ( F i g u r e  8 ) ,  r e s p e c t i v e l y ,  i t  i s  a p p a r e n t  t h a t  t h e  s o u t h  l o n g s h o r e  

c u r r e n t  r e v e a l e d  by t h e  c o l o r  p a t t e r n  comes n e a r e r  to t h e  c o a s t  a s  i t  t r a v e l s  

s o u t h .  It should be  no ted  t h a t  Frame 3728A i s  a  c o l o r  I R  pho tograph  t a k e n  i n  

t h e  SO-65 exper iment .  I n  Frame 3465, t h e  Sabine River  plume i n  t h e  l e f t  c e n t e r  

h a s  i n t r u d e d  some d i s t a n c e  i n t o  t h e  Gulf b e f o r e  be ing  tu rned  s l i g h t l y  s o u t h .  

P roceed ing  t o  F r a n e  3728 ( F i g u r e  9 ) ,  t h e  e f f l u e n t s  from Galves ton  Bay ( l o v e r  l e f t  

and t h e  F r e e p o r t  Channel ( c e n t e r )  t end  southward c l o s e  t o  t h e  c o a s t .  The same 

can be s a i d  f o r  t h e  o u t f l o w  of t h e  Colorado River  ( lower c e n t e r )  and P a s s  Cava l lo  

( l e f t  c e n t e r )  as viewed i n  Frame 3342 ( F i g u r e  7 b ) .  The panoramic view a f f o r d e d  

by Frame 2989 ( F i g u r e  8) i l l u s t r a t e s  how c l o s e  t o  t h e  s h o r e l i n e  t h i s  s o u t h  long-  

s h o r e  c u r r e n t  approaches  a s  i t  n e a r s  t h e  mouth of t h e  Rio Grande,  From t h i s  

f rame ,  t h e  w i d t h  of t h e  longshore c u r r e n t  can be deduc ted .  

D e l t a i c  deposits are visible in Frames 3728A,  3147, and 2989. The B ~ a z o s  

k i v e r  ue,)o:;l is a r c  set.lr rit i L l i f i  certi el of 11;j1-ie 3 7 2 3 8 ,  ~ i - i ~ r l e  ciiti C O ~ O L ~ ~ C ~ C )  K L V C ~  

b e l t a  (leTt. s i d t  of  F r a r i ~  372SA) i s  S L ~ > I L  in all t'iiree fraiiles. ShoaJs call be 

sven in Pass CavaTlo s i ~ o i ~ n  i r n  Fraliie 3342. 



Insert  Frame 3465  

%-----'-? 

F i g u r e  7a, A p o l l o  IX Frame 3465 

I n s e r t  Praine 3342  

-, . k 1,gu'e 7b , i9pc~ll .o I Frnnic? ,33112 
F'i.[;ure 7 ,  Ape! 1.1-1 IX F1.al:l: :: 3 4 6 5  r~nc! -{?!z:', 

I , i~ngs ' l~c* rc  C : r t ~ - ~ - c r ? t  and R e l t n i  c !)r,i,o:-:; 1 s A l t > r ~ ; ;  t i r i :  ' l 'esas Con:; t 





In se r t  Frame 37288 

THIS FRAME SHOULD EE I N  COLOR 

F i g u r e  9 ,  Apo l lo  IX Frainc 3728A, 
L s l ~ g s h o r e  C ~ ~ ~ r e n t  and D e l t a i c  D e p o s i t s  Along t h e  Texas Coast., 

Beach Developmeut and E r o s i o u  Along the U p p e r  Tesas  C o a s t ,  
Color  LR a n d  ?Iul t i  spec t r a l  P h o t o j i ~ - a ? l ~ y  of h l l c  C o a s t a l  Zone 



Beczel-1 DevcEopn!errt and Erus ior :  Alan; the Lwer Texas Coast, 4,poIlo f X ---- p- - - "  

Frame 3128a ( b ~ g u r e  9) e n a b l e s  u s  t o  g r a s ?  q u i t e  r e a d i l y  wi~at .  au Ig11~  otl~erv~rlse 

t a k e  u s  some t ime  t o  r e a l i z e  concerning beach b u j l d i n g  and r e t e n t i o n .  The 

e f f e c t  of t h e  j e t t y  sys tem a t  Galveston on t h e  l o n g s h o r e  c u r r e n t  i s  e v i d e n t .  

The n e a r  c l o s i n g  of San L u i s  P a s s  (southwest  end of Ga lves ton  I s l a n d )  and 

o f f s h o r e  b a r s  c a n  b e  s e e n  a t  t h e  mouths of t h e  San Bernard R i v e r  ( f i r s t  o u t -  

f low s o u t h  of Brazos R i v e r )  and Brown Cedar Cut ( f i r s t  o u t l e t  from e a s t  

Matagorda Bay n o r t h  o f  Colorado River  D e l t a ) .  

A c o n s i d e r a b l e  sum of money h a s  been s p e n t  by a  number of spor t smen  and 

s t a t e  a g e n c i e s  s i n c e  1961  i n  m a i n t a i n i n g  Brown Cedar Cut .  P o s s i b l y  by n o t i n g  

t h e  e f f e c t s  of man-made s t r u c t u r e s  on beach r e t e n t i o n ,  d e s i r a b l e  l i n k s  between 

e s t u a r i e s  and t h e  open ocean  could  b e  made w i t h  l o n g e r  l o n g e v i t y .  

Color IR and P I u l t i s p e c t r a l  - P h o t o ~ r a ~ h v  o - - L - ~ _ _ _ _ - -  of t h e  C o a s t a l  Zone. Apol lo  I X  

Frames 37288 ( F i g u r e  9)  and 38168 ( F i g u r e  ] . I ) ,  f a l s e - c o l o r  I R  pho tographs  o f  

t h e  SO-65 exper iment ,  i l l u s t r a t e  t h e  advan tages  of usi.ng c o l o r  IR f i l m  i n  photo- 

g r a p h s  of t h e  c o a s t a l  r e g i o n s .  The land-water boundary i s  c l e a r l y  d e f i n e d  and 

a  good r e p r e s e n t a t i o n  of t h e  sediment  load  i s  o b t a i n e d .  

F i g u r e  1 0  i s  composed of t h r e e  b l a c k  and w h i t e  photographs  t aken  s i m u l t a -  

neous ly  w i t h  Frame 3728A ( F i g u r e  9 ) .  Each of t h e  t h r e e  b l a c k  and w h i t e  f rames  

u t i l i z e d  a d i f f e r e n t  f i l t e r ;  and a l though  none of t h e s e  i n d i v i d u a l  b l a c k  and 

w h i t e  f rames c o n t a i n s  a s  much t o t a l  i n f o r n a t i o n  a s  t h e  c o l o r  I R  pho tograph ,  

each b r i n g s  o u t  c e r t a i n  f e a t u r e s  t o  t h e  b e s t  advan tage .  T h e r e f o r e ,  when a l l  

t h r e e  of t h e s e  b l a c k  and w h i t e  pho tographs  a r e  v i e r ~ e d  t o g e t h e r ,  they  c o n t a i n  

m o r e  information than tfie color LR fraiiie, 

F r a ~ i e  3 / L b B  ( i i g u l e  iCid) 1 ,iL, rC11.e~1 ~ , i : ' i  d $:1_48 i j - ?cc - r ,  l l ~ i s  f ~ l i r a r  

allows light in the green n c ~ i o r r  tc. pass ;  aiid in t h e  t u r  h i d ,  yt.110~:-green 



I n s e r t  Frame 3728B 

-~=,~--~=-~m--a-"..z.-~-A.-u-----r. s-.-%3---.---<-.--~--2- -*--.--.,.. 
F i g u r e  I.Oa, A p o l l o  I X  Frame 37286 

I n s e r t  Franle 3728C 

----------s e.-%-=- " z.,----- --- -----Fz= ---a- -.-.*--v--s-sd 

F i g u r e  l o b ,  A?ol lo  I X  Framc 3728C 

I n s e r t .  Frame 37289 
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c o a s t a l  w a t e r s ,  maximum depch p e n e t r a t i o n  i s  o b t a i n e d ,  Frame 3728B ( F i g u r e  iOa) 

b e t t e r  d e p i c t s  t h e  t o t a l  sediment  l o a d  than the c o l o r  ER photograph o f  t h e  

o t h e r  two b l a c k  a-td w h i t e  I R  pho tographs .  However, t h e  p o o r e s t  r e s o l u t i o n  of 

t h e  land-water  i n t e r f a c e  is  o b t a i n e d ,  and a t m o s p h e r i c  haze  e f f e c t s  a r e  t h e  

g r e a t e s t .  

Frame 3728I) ( F i g u r e  10c)  was talcen w i t h  a  Wr25 f i l t e r  which a l l o w s  t h e  

maximum p a s s a g e  of l i g h t  a t  a  l o n g e r  wavelength  t h a n  t h e  f i l t e r  used w i t h  

Frame 372813 ( F i g u r e  1 0 2 ) .  The w a t e r  p e n e t r a t i o n  wi.th t h i s  i s  n o t  a s  g r e a t ,  

s o  t h e  sediment  l o a d  p o r t r a y e d  i s  n o t  over  a s  g r e a t  a  d e p t h  a s  t h a t  i n  

Figure.  10a.  A comparison between F i g u r e  10a and F i g u r e  10c  g i v e s  a n  i n d i c a t i o n  

of t h e  relative d e p t h  of t h e  sed iments .  T h i s  concep t  could  b e  extended f u r t h e r  

w i t h  more pho tographs  of t h e  same r e g i o n  u t i l i z i . n g  s t i l l  d i f f e r e n t  f i - l t e r s .  

Moreover, a l t h o u g h  F i g u r e  1 0 c  does  n o t  have t h e  d e p t h  p e n e t r a t i o n  F i g u r e  1 0 a  

d o e s ,  t h e  d e t a i l s  of t h e  f l o v  around t h e  Ga lves ton  j e t t i e s  and from t h e  r i v e r  . 

moutlis a r e  much more a p p a r e n t .  

Frame 3728C (Figus2 l o b )  was t a k e n  w-ith an  89A f i l t e r  whi.ch limits t h e  l i g h t  

r ecorded  t:o s t i l l  longcr  v a v e l e n g t h s .  T h i s  f i l t e r  p a s s e s  r a d i a t i o n  i n  t h e  

i n f r a r e d  r e g i o n  s o  p r a c t i c a l l y  no d e p t h  p e n e t r a t i o n  i s  r e c o r d e d .  However, t h e  

land-water  i n t e r f a c e  i.s t h e  nios t c l e a r l y  d e f i n e d .  

F i g u r e  11 s h o ~ c s  Frame 38168 of t h e  SO-65 espei-iment.  T h i s  f a l . s e - c o l o r ,  

i n f r a r e d  photograph i s  e s p e c i a l l y  . u s e f u l  i n  d c l i n c a t i n g  t h e  land-sea  boundary 

and t h e  deeper  r i v e r  chnnnels  i n  t h i s  s c c t i o i i  o f  t h e  Georgia Coast .  A s  w i t h  

the o t h e r  f a l s e - -  c o l o r  IR !)tlntogra:)h>), a good i r i d i c n t i  on of t h e  scdiner-it o u t f  1o1ir 
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The d a t a  from f u t u r e  manned m i s s i o n s  shou ld  i n c l u d e  more p l l o i o g r a l ~ h s  u t e L  

t h e  c e n t r a l  oceans .  P r e f e r a b l y ,  t h i s  photograp'ly shou1.d b e  n e a r - v e r t i c a l  and 

i n c l u d e  pho tographs  w i t h  d i f f e r e n t  f i l t e r s  s i m i l a r  t o  t h o s e  i n  t h e  SO-65 

exper iment .  Any deep ocean c o l o r  b o u n d a r i e s  observed from s p a c e  s h o u l d  be 

photographed a s  o f t e n  as p o s s i b l e  s o  t h a t  any changes i n  t h e  s t r u c t u r e  of t h i s  

ocean  f e a t u r e  cou ld  b e  de te rmined .  Some pho tographs  of an  a r e a  o f  t h e  deep 

ocean  f r e e  from cloud cover  and s u r f a c e  f e a t u r e s  s h o u l d  a l s o  be  t a k e n  t o  s e e  i f  

t h e  d i f f e r e n t  f i l t e r s  o r  l a b o r a t o r y  t e c h n i q u e s  such  a s  c o l o r  s e p a r a t i o n  can b r i n g  

o u t  any ocean  o r  a tmospher ic  phenomenon. 

O f f s h o r e  a r e a s  such a s  t h e  Texas Bays, Colorado River  D e l t a ,  and t h e  

Bahama Banks, which have been  photographed o f t e n  i n  t h e  p a s t ,  shou ld  c o n t i n u e  

t o  b e  photographed on e v e r y  m i s s i o n .  A t ime sequence  o f  t h e s e  a r e a s  w i l l  

be  v a l u a b l e  t o  t h e  s c i e n t i s t  s t u d y i n g  g e o l o g i c a l  changes  i n  t h e s e  r e g i o n s .  

Changes i n  t h e  s e a  g r a s s  d i s t r i b u t i o n s ,  r i v e r  d e l t a  d e v e l o p ~ n e n t ,  beach 

deve lo~ tment  and e r o s i o n ,  ant1 changes i n  t h e  amount of p o l l u t i o n  cou ld  a l l  be 

observed .  On a  s m a l l e r  t ime  s c a l e ,  a r e a s  which undergo l a r g e  t i d a l  v a r i a t i o n s  

s h o u l d  b e  photographed a s  o f t e n  a s  p o s s i b l e  on  a  s i n g l e  m i s s i o n  t o  b e t t e r  

u n d e r s t a n d  t h e  e f f e c t s  t i d a l  c u r r e n t s  have on r i v e r  o u t f l o w ,  longshore  c u r r e n t s ,  

and n e a r s h o r e  t u r b i d i t y .  

B e t t e r  i d e a s  of the  s u r f a c e  c i r c u l a t i o n  p a t t e r n s  of a n  a r e a  could  be 

o b t a i n e d  i f  s e v e r a l  p f io togray l~s  a r e  t aken  of t l ~ e  a r e a  on a  s i n g l e  p a s s .  The 

d i f f e r e n t  pho tograph ic  aa;les show d i f f e r e n t  a r e a s  of sun g l i t t e r  from which 

more complete c i r c u l a t i o n  p a t t e r n s  can be observed, 

and ex?andcd i a b o t h  tlte n ~ i ~ ~ t b c r  of p h o t o g r a p h s  and the n ~ l ; l ~ l ~ ? r  of 5j)cc t r a l  band ' ;  



avaSl able, A rouLt1 ~ p e c t r d l  appi  ci,tc'ii LO ocean p i l o~c ,g r  aphy rs r l o ~  o n l y  d e s i r a b l e  

b u t  necessary i f  any  t r ~ l y  n e w  driii d l f f e i e ~ l t  o c e & n o g ~ a p l i i c  i q d o r r i ~ a t i o n  is t o  

be obta ined  f rom s a r e l l i t e  pho tog rephy ,  



Rete rences  for A?olTo T X  

Anonymous, A t l a s  u f  P i l o t  Cl lar ts ,  - - - C e n t r a l  - - - - - --- American \da te r s  and South A t l a n t i c  --- - 
Ocean, U .  S. Navy Hydrographic O f f i c e ,  H. 0 .  P u b .  No. 1 0 6 ,  1958. 

Joyce, E. A , ,  Jr . ,  " S t .  Johns  .R iver , "  Oceans 1 (3) :19- -22 ,  March, 1969. 
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CHAPTER I11 - PROGRESS ( c o n t .  ) 

G .  Newsle t t e r  

O n  December 3 ,  1969, t h e  p r o j e c t  i s s u e d  i t s  f i r s t  Newsle t t e r  t o  

a  r a t h e r  l i m i t e d  d i s t r i b u t i o n  l i s t  of approx imate ly  150 persons  and 

o r g a n i z a t i o n s .  

A s  i n d i c a t e d  i n  t h e  "Purpose" of t h e  N e w s l e t t e r ,  I t .  . . it i s  an 

attempt t o  provide a medim for oceanographers t o  become be t t e r  

acquainted wi th  the research and development of remote sensors and t h e i r  

oceanographic applications.  To accomplish tlzis end, the format was 

dasigned t o  emphasize current developments of ocea7wgraphic applications 

o f  remote sensors, ~ u b l i s h  selected abstracts  and a l imited bibliography, 

and l i s t  scizeduled conferences, symposia, and so forth . . . " Attached 

t o  t h e  Newsle t t e r  i s  a form r e q u e s t i n g  comments concerning t h e  p u b l i c a t i o n  

o r  i t ems  which t h e  r e a d e r s  f e l t  should  be i n c l u d e d .  Also a t t a c h e d  t o  

each i s s u e  i s  a  r e q u e s t  form f o r  names and a d d r e s s e s  of pe rsons  who 

might l i k e  t o  r e c e i v e  t h e  N e r ~ s l e t t e r .  

A f t e r  t h r e e  i s s u e s ,  t h e  r e s p o n s e  t o  t h e  r e q u e s t s  h a s  r e s u l t e d  i n  

t h e  a d d i t i o n  of 180 names t o  t h e  d i s t r i b u t i o n  l i s t .  The new s u b s c r i p t i o n  

r e q u e s t s  r ange  from h i g h  s c h o o l s  and j u n i o r  c o l l e g e  t o  i n d u s t r y ,  

u n i v e r s i t y  and government a g e n c i e s .  

Fore ign  r e q u e s t s  now s t a n d  a t  31,  w i t h  s u b s c r i p t i o n s  c o n c e n t r a t e d  

i n  Argen t ina ,  Canada, and B r a z i l ,  

Comments r e c e i v e d  have been extremely f a v o r a b l e  and the s u g g e s t i o n s  

have been i n f o r m a t i v e ,  S e v e r a l  examples of such  comments and s u g g e s t i o n s  

are  shoiu.ri ori clie f t r l10~1i i lg  r 7 3 g ~ m  



". . . the Newsletter w i l l  f i l l  a g a p  i n  the field of oceanographic 
information, especial Z,y ;For professio;viirZs C n t e ~ e s  ted in sip-sea in ter - -  
act ion.  . . "  J o s e  Alvarez ,  Cap i tan  de  Navlo, Buenos A i r e s ,  A r g e n t i n a .  

" . . . it i s  excel lent  and should be continued. . . I r  D r .  R .  A .  Geyer,  
Chairman, Department of Oceanography, Texas A & M U n i v e r s i t y .  

I t  . . . t h i s  i s  of i n t e r e s t  for a more comprehensive knowledge o f  

current a c t i v i t i e s  and progress." Playnard M .  N i c h o l s ,  A s s o c i a t e  
P r o f e s s o r ,  V i r g i n i a  I n s t i t u t e  of Marine S c i e n c e ,  G l o u c e s t e r  P o i n t ,  V i r g i n i a .  

"Please include methods and research r e s u l t s  on the  de tec t ion  of  
f i sh ,  f i sher ies ,  algae, e t c . ,  and t h e i r  signature analys is .  . . t r  

D r .  Lou C a s t i g l i o n e ,  Department of Biology,  New York U n i v e r s i t y ,  
Bronx, New York. 

am 32appy t o  inform you t ha t  our Committee has selected your 
publication, REMOTE SENSIlVG OCEANOGRAPHY NEIUSLETTER, for display 071. 

the Reprint Table t o  be exhibited during our s t a t e  meeting, American 
Chemical Society Florida Sub-sections Meeting, May 7 ,  8 ,  9 . "  
D r .  Lou is  J .  P o l s k i n ,  Chairman, S c i e n t i f i c  Program Committee, American 
Chemical S o c i e t y  of F l o r i d a .  

P l a n s  a r e  being made t o  i n v i t e  recognized  a u t h o r i t i e s  i n  t h e  d i v e r s e  

oceanographic  a p p l i c a t i o n s  of remote  s e n s o r s  t o  w r i t e  s h o r t  e x p o s i t i o n s  

of p e r t i n e n t  s t u d i e s  f o r  i n c l u s i o n  i n  t h e  N e w s l e t t e r .  S e v e r a l  w e l l -  

known i n v e s t i g a t o r s  have been c o n t a c t e d  and a l l  have i n d i c a t e d  w i l l i n g n e s s  

t o  p a r t i c i p a t e  i n  c o n t r i b u t i n g  a r t i c l e s  t o  t h e  N e w s l e t t e r .  

The correspondence r e c e i v e d  i n d i c a t e s  t h a t  a  genu ine  need e x i s t s  

f o r  such  a  p u b l i c a t i o n ,  A s  t h e  Newsle t t e r  e v o l v e s ,  many of t h e  s u g g e s t i o n s  

g i v e n  t o  u s  a r e  expected t o  be  u t i l i z e d .  A l l  s u g g e s t i o n s  w i t h  a  low 

t i m e - c o s t - e f f e c t i v e n e s s  r a t i o  a r e  examined and t h e  more promising ones  

a r e  undergoing f e a s i b i l i t y  studies. 



This  o c c u r s  o f f  t h e  v ~ e s t  c o a s t s  of c o n t i n e n t s  where t h e  winds have a  

p e r s i s t a n t  equatorward component, An Eknan t y p e  t r a n s p o r t  can a l s o  be  

induced by bottom f r i c t i o n  on t h e  ocean f l o o r .  I n  e i t h e r  c a s e ,  t h e  

i n t e g r a t e d  mass t r a n s p o r t  i s  normal t o  t h e  d i r e c t i o n  of f low.  

A t h i r d  c a u s e  of upwel l ing  i s  p r e s e n t e d  by i n e r t i a l  f o r c e s  which 

g e n e r a t e  p o s i t i v e  o r  n e g a t i v e  h o r i z o n t a l  divergences i n  conserv ing  

p o t e n t i a l  v o r t i c i t y  (Ar thur ,  1965) .  These a r e  t h e  t h r e e  b a s i c  mechanisms 

by which u p v e l l i n ~  i s  induced.  

There  a r e  s e v e r a l  r e g i o n s  where upwel l ing  i s  w e l l  documented and 

may have been ?hotograp;led from s p a c e c r a f t  . T t  would he  v o r t h w h i l e  t o  

examine t h e s e  photographs .  

Photography of Regj-ons of U ~ w e l l i n g  

From t h e  Gemini V I I  X i s s i o n ,  c o l o r  f rames 66--24903 and 56-24904 of 

I n d i a  and t h e  Ray of B ~ n g a l ,  wind induced u;xrel l in?  might be i n f e r r e d  

from t h e  e x i s t i n g  c loud p a t t e r n .  T'nis p a t t e r n  i s  p a r t l y  a s s o c i a t e d  w i t h  

o f f  s h o r e  winds .  

Cloud p a t t e r n s  a s  s e e n  i n  c o l o r  frames 66-38290 and 66--38307 talcen 

d u r i n g  Gemini LX of t? ;e  Peruv ian  Coas t ,  might be  a s s o c i a t e d  w i t h  

upwel l ing ,  a g a i n  wind induced.  

P r i o r  t o  c e r t i f y i n g  tile above pllotographs a s  b e i n ?  indicative of 

upwel l ing ,  t h e  r e g i o n a l  m e t e o r o l o g i c a l  c o n d i t i o n s  r:rl~ich e x i s t e d  1~7ould 

have t o  be knor,m and t h e  photographs  i n t e r ? r e t e d  i n  vie.c,~ of t h o s e  

c o n d i t i o n s .  

During t h e  A ~ o l l o  T i  Yisslorz, two col.or exyosures  \.?ere talcen of 

J a m  Wtnd d a t a  from cl i rnatologicaL c h a r t s  i n d i c a t e  a s t e a d y  



(approximately  4 mjsec )  wind from tile e a s t  b r i t l i  a  s m a l l  southward corn-- 

ponent e x i s t e d  i n  t h i s  r e g i o n  d u r i n g  ?flarc?~, 15)69, t h e  t ime  of t h e  Apol lo  I X  

Miss ion .  SUC~I winds would t r a n s p o r t  r m t e r  t o  t h e  n o r t h  and c a u s e  upwel l ing  

o f f  t h e  n o r t h  c o a s t  of Jamaica .  

Color frame A.S9-21-3315 d e p i c t s  a c o l o r  boundary o f f  t h e  n o r t h  c o a s t  

of 2amaica. Note p o r t i o n s  of t h e  d a r k e r  and 1j .gil ter  c o l o r s  1i .e i n  t h e  

sung l i -n t  p a t t e r n .  The imyort  of t h i s  v i l l  h e  d i s c u s s e d  1 , a t e r .  I n  t h e  

second f rame,  L2S9-21--331Gp a  d e f i n i - t e  s t r e a k  a p p e a r s  i n  t h e  s u n g l i n t  

p a t t e r n  which seems t o  i n d i c a t e  a boundary hetween t h e  d i f f e r e n t  w a t e r  

t y P e s .  

Taiwan, a s  shown i n  c o l o r  frame 65-45808 (Gemini X)  i s  a w e l l  knobm 

p! ln to~raph ,  S ince  t h e  a r e a  of i n t e r e s t  i.s c loud  f r e e ,  t h i s  yhotograph 

tias become somewilat of a  s t a n d a r d  i n  pressLng tile c a s e  f o r  v i s i b l e  r e g i o n  

s e n s o r s  a p p l i c a b i l i t y  t o  d e t e c t  reg5.ons of u?r.relling. I n  d i scuss i .ons  of 

t h i s  photograph,  c o l o r  d i f f e r e n c e s  h,ave Seen u t i l i z e d  t o  i d e n t i f v  r e g i o n s  

of u!lwelled w a t e r ,  t h e s e  r e g i o n s  being of d a r k e r  c o l o r .  Assuming t h a t  

t h i s  i s  upwel l ing ,  a b r i e f  d i g r e s s i o n  : 1 7 < 1 l  i l l u s t r a t e  how i n e r t i a l  f o r c e s  

could  c a u s e  such a phenomenon. 

Charney (1955) h a s  s11o:m t h a t  t h e  w e s t e r n  boundary c u r r e n t s  can  be  

p r e d i c t e d  by i n e r t i a l  t:l.eory i n  1,711ich t h e  c o n s e r v a t i o n  of p o t e n t i a l  

v o r t i c i t y  i s  v a l i d .  T h e r e f o r e ,  t h e  equation below should ho ld  f o r  t h e  

Kuroshio C u r r e n t ,  p a r t i c u l a r l y  i n  t h e  s o u t ; ~ e r n  ; > a r t  of s u b - t r o p i c a l  g y r e  

o f f  of Taitran I s l a n d ,  



Assume that  t h e  Kuroshio can b e  approximated by a s i n g l e  s t r e a m l i n e ,  

w l l i c i l  l i e s  i n  t h e  core  of t h e  current. Give t h i s  s t r e a m l i n e  a  c o n s t a n t  

v e l o c i t y ,  Assume t h a t  t h e  s t r e a m l i n e  f o l l o w s  t h e  c o a s t a l  i r r e g u l a r i t i e s  

approximately  and t h a t  t h e s e  i r r e g u l a r i t i e s  a r e  l a r g e r  t h a n  t h e  w i d t h  

of t h e  s t ream.  

Then ; 

5 = K V  

TJherts h i s  t h e  c u r v a t u r e  of t h e  c o a s t a l  i r r e g u l a r i t y .  

Coilsider t h e  Taiwan I s l a n d  c a s e  where;  

V % 50 cm/sec 

I n  a  schemat ic  drawing,  t h r e e  zones appear  around t h e  i s l a n d  depending upon 

t h e  sLgn of K .  



The d e t a i l s  of t h e s e  c a l c r ~ l a t i o n s  a r e  g i v e n  hy Ar thur  (1965) :  T h e r e f o r e ,  

upwel l ing o c c u r s  i n  zones (A) and ( C )  w i t h  d o ~ n ~ ~ . ~ e l l i n ~  e x i s t i n g  i n  zone 

( n )  . I n  t h i s  c a s e ,  t h e  r e l a t i v e  v o r t i c i t y  changes more e x t e n s i v e l y  t h a n  

t h e  C o r i o l i s  pa ramete r .  It should h e  noted t h a t  t h e  t h e o r i e s  i n v o l v i n g  

upwel l ing i n  Western Roundary C u r r e n t s  a r e  p r a c t i c a l l y  n o n - e x i s t e n t ;  and 

t h i s  approach,  w h i l e  v a l i d  f o r  E a s t e r n  Boundary C u r r e n t s ,  needs  modi f i ca -  

t i o n  b e f o r e  be ing  extended t o  Western Roundary C u r r e n t s .  

Th i s  F a t t e r n  of u p ~ ~ r e l l i n g  ap?ears  t o  f i t  t h e  Taiwan I s l a n d  c a s e  v e r y  

w e l l .  I n  add i . t ion .  examinat ion of I ? .  ?. c h a r t s  shows t h e  e a s t  s i d e  of 

Taiwan has  a  hroad s h e l f  v h i l e  t h e  west  h a s  none. Yosh lda ' s  (1967) 

e x ? l a n a t i o n  of t h e  s h e l f  e f f e c t  upon upwel.l?.ng v i t h  t h i s  t y p e  of 

to -~ograqhy  would a g a i n  a g r e e  v e r y  w e l l .  

So f a r ,  we have s e e n  ex2mples of ~ h o t o g r a p h y  r e c o r d i n g  zones of 

~ o s s i b l e  u p w e l l i n g ,  I n  most c .ases ,  ho~cever , Icnowledge of t h e  m e t e o r o l o g i c a l  

c o n d i t i o n s  of t h e  r e g i o n  photographed must S e  knobm b e f o r e  one c a n  s t a t e  

w i t h  any conf idence  t h a t  u ~ w e l l l n g  has  been r e c o r d e d .  For o t h e r  examples ,  

we r e l i e d  on y a s t  ex?er ience  f o r  in te r13re ta tbon ;  t h a t  i s ,  p a s t  e x p e r i e n c e  

t e l l s  u s  t:iat dur ing  a  c e r t a i n  p e r i o d  of t i m e ,  u ? v e l l i n g  may be expec ted  

i n  t h e  r e g i o n  photographed. 

So,  we s t i l l  have t h e  b a s i c  q u e s t i o n  he£ o r e  us---can ?ilotography f roln 

remote p l a t f o r m s  h e  u t i l i z e d  t o  d e t e c t  u:>wellin$? Some p r o n i s e  seems t o  

be  o f f e r e d  i n  t h e  s u n g l i n t  p a t t e r n s  one o c c a s i o n a l l y  s e e s  i n  e x i s t i n g  

photographs  of E a r t ' ~  from s p a c e ,  

Eowley, Greaves, and Sysi.egel (1969) i n  a recent  a r t i c l e  in S C I E N C E ,  



i n  t h e  f u l l  d i s c  ATS p i c t u r e  qeqtrences may h e  r e l a t e d  t o  upt ' re l l ing .  The 

anomalous p a t c h e s ,  f i r s t  r e l ~ o r t e d  by S t r o n g  and McClain ( 1 9 6 9 ) ,  a p p e a r  

d a r k  w h i l e  on  t h e  edge  of a s u n g l i n t  ? a t t e r n  b u t  a F p e a r  b r i g h t  vhen  n e a r  

t h e  c e n t e r  of  t h e  p a t t e r n .  The f o l l o w i n g  s e q u e n c e  of  p h o t o g r a p h s  o f  t h e  

Galapagos  I s l a n d  r e g i o n  i l l u s t r a t e s  t h i s  p o i n t :  

IDCS 27 ;'larch 1968  

IDCS 27 ? larch  1 9 6 8  

IDCS 27 March 1968 

As t h e  s u n g l i n t  p a t t e r n  " s a s s e d 1 '  o v e r  t h i s  r e g i o n ,  a n  area n e a r  t h e  

Galapagos  I s l a n d  i s  a l t e r n a t e l y  d a r k ,  b r i g h t ,  t h e n  d a r k  a g a i n .  These  

o b s e r v a t i o n s  seem r e a d i l y  e x ~ l a i n e d  hy a model where  t h e  i s o l a t e d  d a r k  

a r e a s  r e p r e s e n t  areas o f  r e l a t i v e l y  ca lm s u r f a c e  c o n d i t i o n s  a g a i n s t  a 

background of  h i g h e r  s e a  s t a t e s .  

A s u r f a c e  f i l m  o r  s l i c k  o v e r  a n  a r e a  d u e  t o  b i o l o g i - c a l  a c t i v i t y  

g e n e r a t e d  by u y w e l l i n g  w i l l  I n h i b i . t  t h e  g e n e r a t i o n  o f  c a p i l l a r y  waves 

o n  t h e  sea s u r f a c e  (Deacon and Webb, 1 9 6 2 ) .  A c c o r d i n g l y ,  t h e  t u r b u l e n t  

t r a n s f e r  o f  e n e r g y  f rom t h e  a tmosphe re  t o  t h e  o c e a n  w i l l  be  r e d u c e d .  The 

o v e r a l l  r e s u l t  i s  t h a t  d u e  t o  t i l e  r e d u c t i o n  i n  t h e  number o f  s h o r t  .wave- 

l e n g t h s  which c a u s e  h i g h  slopi .ng :raves i n  s u c h  a n  a r e a ,  t l l e  o r d i n a r v  

d i f f u s e  s u n g l i n t  p a t t e r n  w i l l  h e  a h s e n t .  

The mean monthly  s e a  s u r f a c e  tem:>erature a n a l y s i s ,  b a s e d  on s h i p  

d a t a  f o r  :larch 1368 ,  d o e s  i n d i c a t e  u:>well.in,g t o  t:le v e s t  o f  t h e  Ga lapagos  

I s l a n d s  (Eowley, e t  a l . ,  1 9 6 9 ) -  But i t  a p 7 e a r s  t o  h e  up1~7el l ing  unde r  

s o m e ~ ~ h a t  s p e c i a l  c o n d i t i o n s - - - . i ~ t  i s  t h e  s u r f a c i n g  o r  n e a r  s i ~ r f a c . i n g  of 

tlie F a c i f  i c eqnatori.ri.1 ~rncit ircrlrrer~t  (I:rc~iiive ll C u r r e n t )  . :fa ta. talcen i n  

March, 1 9 6 7 ,  i l l u s t r r i  t e s  t he  same occurrences ; light w e s t r ~ ~ a r d  w i n d s ,  t h e  



Cronlrilell Cur ren t  s u r f a c i n g  near the Galapagos Islands, t i l en  clriviciirrg 

i n t o  a  northward and southiiiard c u r r e n t  arrd d i v i n g  a g a i n  (EASTROPAC, 1 9 6 7 ) .  

I t  i s  a l s o  p o s s i b l e  t h a t  what we a r e  s e e i n g  i n  t h e s e  ATS--111 imagery 

sequences  a r e  runoff  e f f e c t s  a n d / o r  s e a  s u r f a c e  rougilness e f f e c t s  

a s s o c i a t e d  orith t h e  downwind s i d e  of t h e  i s l a n d s .  So,  t h i s  a p p e a r s  t o  

be  a s p e c i a l  case, u p v e l l i n g  ? o s s i b l y ,  b u t  a l s o  a complicated p r o c e s s .  

R e f e r r i n g  back t o  t h e  Taiwan photography, we n o t e  on t h e  e a s t  s i d e  

of  t h e  i s l a n d  a  southward f lora in?  c o u n t e r - c u r r e n t  brought  abou t  hy  t h e  

lo\*: s a l i n i t y  r u n o f f ,  ~ ~ h i c i ~  a?pears  d a r k  o u t  of t!le s u n g l i n t  and b r i g h t  

i n  i t .  Also ,  t h e  s e q u e n t i a l  f rames of Jamaica ,  r e f e r r e d  t o  e a r l i e r ,  

i l l u s t r a t e  r e g i o n s  of t h e  norti1 s i d e  of t h e  i s l a n d  w i t h  t h e  same 

anomalous d a r k  p a t c h e s .  

The c e n t r a l  problem a s s o c i a t e d  w i t h  t h i s  t y p e  of a n a l y s i s  i s  n o t  

t l ~ a t  t h e  g l i t t e r  pa tches  a r e  caused 1.~7 some t y 3 e  of s u r f a c e  f i l m s  b u t  

what c a u s e s  t h e s e  f i l m s .  C e r t a i n l v ,  on a s m a l l  s c a l e  ( s e e  d a t a  t a k e n  

o f f  t h e  c o a s t  of R r a z i l )  s l i c k s  and p a t c h e s  occur  i n  r e g i o n s  of convergence 

n o t  d i v e r g e n c e .  S t rong  and P!cClain (1969) i - n d i c a t e  t h a t  t h e  l a r g e  s u n g l i n t  

patc ' ies  t h e y  found a r e  a l l  caused by convergence.  On tl-le o t h e r  hand. 

Bowlev, Greaves ,  and SpLegel (1969) b e l i e v e  t l l e s e  l a r g e  p a t c h e s  a r e  

i n d i c a t i v e  of t h e  i n c r e a s e d  b i o l o g i c a l  a c t i v i t y  a s s o c i a t e d  w i t h  u ? w e l l i n g ,  

So, t h e  p o s s i b i l i t v  of c o r r e l a t i n g  t h e  anomalous d a r k  a r e a s  v i t h  

r e s i o n s  of s u r f a c e  d j - v e r ~ e n c e  r e l a i n ? .  !~?orl: needs  t o  be done i n  a  " sh ip  

documented" upwel l ing zone tr-ith p h o t o ~ r a n h s  of t h e  r e g i o n  t aken  i n  and 

o u t  of t h e  s u n g l i n t  p a t t e r n ,  TS.; i s  w h a t  P r o j e c t  658, Texas A&?{ 

IJniver: ; i ty,  vi-a t l i ~  Research T r i a r r ~ l  e T-i1sti.tute9 p r o p o s e s  t o  .?ccornn?i s h  

i.n t h e  V i r g i n  IsLands, 
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CHAPTER L E I  - PROGRESS (cont  .) 

I. S t a f f  T r a v e l s  - J u n e ,  1969 through March, 1970 --- 

June  3 ,  1969 - R i l l  M e r r e l l  and Jack  P a r i s  v i s i t e d  w i t h  D r .  James Z a i t z e f f ,  

Rebecca Kinard,  and J a y  Harnage a t  NASA/MSC i n  Houston, Texas ,  and 

reviewed d a t a  from t h e  Mexican Program. 

June  9 ,  1969 - D r .  Huebner and B i l l  X e r r e l l  made a  second t r i p  t o  MASA/MSC 

t o  c o n s u l t  w i t h  r e p r e s e n t a t i v e s  from t h e  Mexican government r e g a r d i n g  

t h e  above d a t a .  

June  10-12, 1969 - J a c k  P a r i s  a t t e n d e d  t h e  SPOC Microwave Meeting i n  

Washington, D, C . ,  where h e  ? r e s e n t e d  a  p a p e r ,  "Microwave S t u d i e s  

i n  t h e  Gulf of Mexico." 

June  11-22, 1969 - B i l l  l i e r r e l l  p a r t i c i p a t e d  i n  a  d e p a r t m e n t a l  c r u i s e  of 

t h e  R / V  ALMfINOS, which surveyed t h e  a r e a  of upwel l ing  i n  t h e  

Yucatan S t r a i t s .  

J u n e  23-24, 1969 - D r .  Huebner v i s i t e d  t h e  NASA f a c i l i t i e s  a t  Langley,  

V i r g i n i a ,  where he  d i s c u s s e d  a p p l i c a t i o n s  of spec t romet ry  t o  f i s h  

d e t e c t i o n  w i t h  Plr. FlcLvers of Airborne I n s t r u m e n t s  L a b o r a t o r y .  

M r .  XcIvers  h a s  begun some work t\rith tire Bureau of Commercial 

F i s h e r i e s  and w i l l  work w i t h  KirSy Drennan of t h e  RCF o f f i c e  i n  

Pascagoula ,  ? ? i s s i s s i p p i .  They a r e  p lann ing  t o  a d a p t  one  of t h e i r  

u n i t s  f o r  t h i s  worlc. The d s t a  p r e v i o u s l y  o b t a i n e d  w i t h  t h e  TRIJ u n i t  

w h i l e  i t  was i n  Pascagoula  , k l i s s i s s i p p i  , was reviewed,  While t h e r e ,  

D r ,  Iiuebner gave a three-hour  seminar on remote s e n s i n g  of t i le 

oceans  t o  a group of s c i e n t i s t s  vho had the t a s k  o f  l o o k i n g  a t  

remote s e n s i n g  s a t e l l i t e s  from s e v e r a l  a s p e c t s ,  n o t  o n l y  t h e  t e c h n i c a l  



a s p e c t s  brat a l s o  t-lie economic and p o l i t i c a l  a s p e c t s  as  w e l l .  

June  29 - J u l y  1, 1969 - Jack  P a r l s  c o n f e r r e d  w i t h  members of NASA 

E l e c t r o n i c  Research Center  (NASA-ERC) and R a d i a t i o n  Tech . ,  I n c . ,  

r e g a r d i n g  mutual c o o r d i n a t i o n  worl$: i n  g e n e r a l  and p a s s i v e  micro- 

wave r ~ o r k  i n  p a r t i c u l a r .  

J u l y  1, 1969 - A s t a f f  meet ing w a s  h e l d  w i t h  o n l y  p e r s o n n e l  of t h e  

h & X  P r o j e c t  i n  a t t e n d a n c e .  D r .  James Z a i t z e f f  was u n a b l e  t o  a t t e n d .  

Such b u s i n e s s  a s  t h e  e x i s t i n g  budge t ,  f u t u r e  t r a v e l  p l a n s ,  p a s t  

t r i p s  by our  s t a f f ,  and v a r i o u s  manager ia l  forms t o  b e  used by t h e  

p r o j e c t ' s  2 lanned a c t i v i t i e s .  

J u l y  15-18, 1969 - D r .  Iluebner, J a c k  P a r i s ,  and B i l l  M e r r e l l  v i s i t e d  

w i t h  G .  F .  Wil l iams and D r .  K, Rooth of t h e  U n i v e r s i t y  of Pliami; 

C .  S. Yentsch of Nova U n i v e r s i t y ;  and D r .  K .  FJarsh of F l o r i d a  

S t a t e  U n i v e r s i t y .  llicrorlrave s t u d i e s  were d i s c u s s e d  a t  t h e  U n i v e r s i t y  

of Iliami. A t o u r  of t h e  Nova U n i v e r s i t y  f a c i l i t i e s  was made and 

a  d i s c u s s i o n  h e l d  of t h e i r  oceanograghic  a c t i v i t i e s .  B r i e f  mee t ings  

were a l s o  h e l d  w i t h  ESSA p e r s o n n e l ,  i n c l u d i n g  D r .  Wi l l i am McLeish, 

I l r .  S a u l  Bro ida ,  and M r .  Eernard Z e t l e r .  D r .  \Jars11 of F l o r i d a  

S t a t e  was c o n t a c t e d  hv t e l e p h o n e  r e g a r d i n g  t h e i r  s h i p  s c h e d u l e s .  

August 5-6,  1969 - Roth D r .  Iiuehner and B i l l 2 . f e r r e l l  a t t e n d e d  t h e  Color  

of t h e  Ocean \Jorkshop a t  Woods Hole 0ceanograp;l ic I n s t i t u t i o n ,  

August 23-27? 1969 - D r .  Fruebner and .Jack P a r i s  t r a v e l e d  t o  Boulder ,  Colo- 

r a d o ,  t o  c o n f e r  r r i t h  s c i e n t i s t s  a t  rche N a t i o n a l  Bureau of S t a n d a r d s  

(NBS) , CSSA R e s e a r c ' ~  I,>hs, and Nat iar ta l  Cen te r  f o r  Atmosplieric 

Researcl: (NCAX). i r ~ m  t l e i e ,  t i i c j f  ,gent to Lul,bock, 'iexds, t o  uidhe 

f u r t h e r  v i s i t s  a t  Texas Tech U ~ r i v e r s i t y ,  The major p o r t i o n s  of 

t h e  d i s c u s s i o n s  d e a l t  i ~ i t h  microwave s t u d i e s .  



September 1-13 - D r ,  Capurro a t t e n d e d  t h e  SCOR meet ing i n  Gotehurg, 

Sweden, and t h e  Upper I fan t l e  meet ing i n  Madrid,  Spa in ,  s i n c e  h e  i s  

a  member of t h e  bureau of b o t h  i n t e r n a t i o n a l  o r g a n i z a t i o n s .  He 

informed European oceanographers  of our  program i n  remote  s e n s i n g  

and made an  i n f o r m a l  agreement t o  u s e  t h e  r e s e a r c h  v e s s e l s  engaged 

i n  i n t e r n a t i o n a l  c o o 2 e r a t i v e  e x p e d i t i o n s  as i n s t r u m e n t  p l a t f o r m s  

t o  p r o v i d e  ground t r u t h  should t h e  NASA a i r c r a f t  o r  any s a t e l l i t e  

f l y  over  tile r e g i o n .  Also,  h e  was chzrged w i t h  t h e  convening of a  

symposium of "Remote Sensing of Ocean V a r i a b l e s "  t o  be  h e l d  i n  

Tokyo i n  September,  1970, d u r i n g  t h e  J o i n t  Oceanographic Assembly. 

September 8 ,  1969 -- D r .  IIuebner, Rober t  Whitaker ,  and B i l l  M e r r e l l  

t r a v e l e d  t o  N~SAIIISC i n  Houston t o  meet w i t h  t h e  B r a z i l i a n s  and t o  

a s s i s t  i n  t h e i r  a n a l y s i s  of t h e  m u l t i s e n s o r  d a t a  t a k e n  w i t h  t h e  

NASA A l r c r a f  t . 
September 24-28, 1969 - D r .  Huebner and R i l l  M e r r e l l  met w i t h  t h e  

Mexican i n v e s t i g a t o r s  t o  rev iew t h e  r e p o r t  p repared  by t h e  p r o j e c t  

s t a f f  of Texas A&M U n i v e r s i t y .  

October 13-17, 1969 - D r .  Capurro i37as i n v i t e d  t o  a t t e n d  a  seminar  h e l d  

a t  t h e  U n i v e r s i t y  of La P l a t a ,  A r g e n t i n a ,  on t h e  E v a l u a t i o n  of 

E a r t h  Resources  from A i r c r a f t  and S p a c e c r a f t .  He d e l i v e r e d  two 

p a p e r s  d e a l i n g  mainly  wi th  t h e  sampl ing program i n  t h e  ocean.  

These ,3apers w i l l  be pub l i shed  hy t h e  A r g e n t i n e  Center  f o r  Space 

Research,  

October 15-16, 1969 -- Dr. Huebner and Robert IJhitalcer a t t e n d e d  t h e  S i x t h  

Syrnposiuln on qpilrritc qerlsf  a s  of i:nv-rronrnerit ileia at thc U r i i v e r s i r y  of 

Xichigan i n  Ann A r b o r ,  They attended the Sessions regarding 



Oceanographic AppLicat ions  of R~mote Sens ing ,  P a r t s  I, IL, and one  

r e g a r d i n g  E x t r a t e r r e s t r i a l  A p p l i c a t i o n s  of Remote Sens ing .  

November 28, 1969 - B i l l  M e r r e l l  and Xobert  Whitaker c o n f e r r e d  w i t h  

D r .  Rober t  Stevenson,  BCF, Ga lves ton ,  concern ing  t h e  paper  on 

upwel l ing which was t o  be  p r e s e n t e d  i n  Washington, D.  C . ,  

December 1 8 ,  a t  t h e  I?rorkshop. 

Decemher 5 ,  1969 - D r .  Huebner and B i l l  M e r r e l l  c o n f e r r e d  w i t h  

D r .  James Z a i t z e f f ,  Dale  Rrowne, and o t h e r  i n d i v i d u a l s  a t  NASA/MSC 

t o  o b t a i n  a d d i t i o n a l  d a t a  and s l i d e s  f o r  t h e  upwel l ing  p a p e r .  

February 2 ,  1970 - B i l l  M e r r e l l  t r a v e l e d  t o  NASA/MSC t o  meet w i t h  

D r .  James Z a i t z e f f  and d i s c u s s  c o o p e r z t i v e  e f f o r t s  w i t h  D r .  T. I c h i y e ,  

P h y s i c a l  Oceanographer w i t h  t h e  Oceanography Department,  i n  h i s  

s t u d y  of c o a s t a l  p r o c e s s e s .  The d i r e c t i o n  of t h e  Newsle t t e r  and 

t h e  p o s s i b i l i t i e s  of g e t t i n g  NASA a i r c r a f t  t o  o v e r f l y  t h e  n o r t h e r n  

Gulf when r e s e a r c h  v e s s e l s  a r e  a v a i l a b l e  were inc luded  i n  t h e  

d i s c u s s i o n .  

February 5 ,  1970 - R i l l  M e r r e l l  r e t u r n e d  t o  NASA/>ISC t o  a t t e n d  t h e  

~ l a n n i n g  meet ing on Sea I c e .  Ele was j o i n e d  t h e  f o l l o w i n g  day by 

D r .  Huebner who a l s o  a t t e n d e d  t h e  meet ing.  While t h e r e ,  they  

c o n f e r r e d  w i t h  M r .  john Sherman and D r .  Z n i t z e f f  r e g a r d i n g  p r o j e c t  

a c t i v i t i e s .  

Februarv 1 3 ,  1970 - B i l l  X e r r e l l  went t o  :<ASA/;fSC t o  c o n f e r  w i t h  

D r .  Z a i t z e f f  on the ? o s s i b i l i t y  of p a r t i c i p a t i n ~  i n  a  NASA 

a i r c r a f t  ex~eriment.  near the  V i r g i n  I s l a n d s ,  ?fr, Yer re lL  i s  

par t i c u l d r  lv i n l e i  ec, rea  in ,tn ,ir ea ok man rilduced upivelPirrs  in 

t h i s  a r e a .  



March 18-22, 1970 -- D r .  Wueb~zer, R i l l  ?.Ierre11, and Mrs. June  Hagler  

from t h i s  p r o j e c t  p a r t i c i p a t e d  i n  Cruse 70-A-5 of the R/V ALAMINOS. 

D r .  T. I c h i y e  ( a  c o - i n v e s t i g a t o r  f o r  t h e  proposed p r o j e c t ,  FY70-71) 

was t h e  c h i e f  s c i e n t i s t  of t h e  c r u i s e  which covered t h e  o u t f l o w  from 

t h e  Galveston Bay a r e a .  The sh ipboard  d a t a  was t a k e n  by computer 

and p rocessed  s y n o p t i c a l l y .  E f f o r t s  were made t o  improve t e c h n i q u e s  

f o r  b e t t e r  comparisons between sh ipboard  and remote ly  sensed d a t a ,  

t h e r e b y  r e s u l t i n g  i n  b e t t e r  c o o r d i n a t i o n  of a i r c r a f t  and s h i p  s u r v e y s .  

I t  i s  p r e s e n t l y  proposed f o r  D r .  I c h i y e ' s  c r u i s e s  i n  t h i s  s e r i e s  t o  

have accom~anying  o v e r f l i g h t s .  



CONTRIBUTIONS - Nay, 1969 - Piarch, 1970 

P a r i s ,  J .  F . ,  and Wil l iam J .  M e r r e l l ,  J r . ,  S c i e n t i f i c  Value (of 
Apol lo  7  photography) f o r  Oceanography, Chapter  9 ,  NASA Repor t  
on  t h e  S c i e n t i f i c  Value of h p o l l o  7  Photography f o r  E a r t h  S c i e n c e s ,  
( i n  p r e s s ) ,  4  March 1969. 

Huebner, George L . ,  Advances i n  Remote Sens ing  of t h e  Ocean 's  
Paramete rs ,  IEEE Symposium on Remote Sens ing ,  \ . lashington,  D.  C . ,  
1 5  pages ,  1 6  A p r i l  1969, (unpubl i shed) .  

Iluebner, George L . ,  Methods of Sensing of t h e  Ocean 's  F'arameters, 
ASEE-NASA Engineer ing  Systems Design Program, NASA Langley Research  
Center  Symposium, 45 pages ,  24 June  1369, ( u n p u b l i s h e d ) .  

M e r r e l l ,  Will iam J . ,  J r . ,  e t  a l . ,  S c i e n t i f i c  Value (of Apollo 9  
photography) f o r  Qceanography , Chapter 9 ,  NASA Report  on t h e  
S c i e n t i f i c  Vslue  of Apollo 9 Photograpily f o r  E a r t h  S c i e n c e s ,  
( i n  p r e s s ) ,  28 August 1969. 

W e r r e l l ,  N i l l i a m  J . ,  J r . ,  and Robert  E. Whitaker ,  An Oceanographic 
A n a l v s i s  of 9 a t a  Recorded on Sh ips  and Aircraft-NASA, A i r c r a f t  
? I i s s i o n  91, S i t e  705, Veracruz,  Mexico, 1 3  p a g e s ,  22 September 1969 

Capurro,  Lu is  R.  A . ,  S tudying the Oceans from Space,  P r e s e n t e d  a t  
tile U n i v e r s i t y  of La T l a t a ,  Buenos A i r e s ,  A r g e n t i n a ,  October 1969. 

Idalsh, ClIDR Don, Remote Sensor Oceanography i n  t h e  M i s s i s s i p p i  
D e l t a  Region,  The Texas J o u r n a l  of S c i e n c e ,  Vol. X X I ,  No. 1, 
pages  29-35, October 1969. 

Merrell., Wil l iam J . ,  J r . ,  and George L .  Huebner, J r . ,  The Use of 
Aeri-a1 Photogra?hy i n  Of fshore  O p e r a t i o n s ,  Of f shore  Magazine, 
March 1970. 

P a r i s ,  Jaclc F . ,  ?licrowave S t u d i e s  a t  Texas A&M U n i v e r s i t y ,  Submit ted 
on January  5 ,  1970, f o r  i n c l u s i o n  i n  t h e  Proceed ings  of t h e  
"NASA-Navy Review of Recent llicrowave S t u d i e s  of t h e  Ocean S u r f a c e "  
h e l d  a t  XASA : ' leadquarters on 1 1 - 1 2  J u n e  1969. 



CIUPTER V 

REPORTS 

A.  P r o g r e s s  Repor t s  

1. Q u a r t e r l y  P r o g r e s s ,  A&M P r o j e c t  658, May-July 1969.  

2 .  Q u a r t e r l y  P r o g r e s s ,  A&M P r o j e c t  658, August 1-November 1, 1969. 

3 .  Q u a r t e r l y  P r o g r e s s ,  A&M P r o j e c t  658, November 1-February  1, 1970. 

B. T e c h n i c a l  Repor t s  .- 

1. Walsh, CT'IDR Don, C l l a r a c t e r i s t i c  F a t t e r n s  of R i v e r  Outflow i n  t h e  
M i s s i s s i p p i  D e l t a ,  Ref.  69-.8--T, Department of Oceanography, 
Texas A&M U n i v e r s i t y ,  222  pages ,  J u n e  1969. 



CHAPTER I V  

OFFICE FACILITIES AND PERSONNEL 

O f f i c e  f a c i l i t i e s  have been l o c a t e d  i n  t h e  O l i n  E. Teague Research 

Center  s i n c e  1967; however, d u r i n g  t h e  month of May, t h e y  w i l l  b e  

moved t o  t h e  west  wing of Cushing L i b r a r y  on t h e  campus. 

P r o f e s s i o n a l  s t a f f  f o r  t h e  e x i s t i n g  p r o j e c t  c o n s i s t s  o f :  

D r .  Lu i s  R.  A. Capurro,  P r o j e c t  S u p e r v i s o r ,  who i s  a  p r o f e s s i o n a l  

p h y s i c a l  oceanographer ,  h a s  been w i t h  t h e  Department of 

Oceanography a  number of y e a r s ,  and i s  p r i m a r i l y  i n t e r e s t e d  

i n  environmental  s t u d i e s .  

D r .  George L. Huehner, a  p r o f e s s i o n a l  e l e c t r i c a l  e n g i n e e r ,  a l s o  

w i t h  t h e  Department a  number of y e a r s ,  i s  c o n s i d e r e d  a  

s p e c i a l i s t  i n  remote s e n s i n g  i n s t r u m e n t a t i o n .  

;?r. J a c k  F. P a r i s ,  g r a d u a t e  s t u d e n t  c u r r e n t l y  working toward a  

Ph.D. i n  meteorology,  i s  s p e c i a l i z i n g  i n  remote s e n s i n g .  

M r .  Will iam J .  N e r r e l l ,  J r . ,  g r a d u a t e  s t u d e n t ,  i s  c u r r e n t l y  

working toward a Ph.D. i n  p h y s i c a l  oceanography. 

??r. Rober t  Whitaker ,  g r a d u a t e  s t u d e n t ,  c u r r e n t l y  working toward 

a  Ph.D. i n  p h y s i c a l  oceanography. 

D r ,  Guy F r a n c e s c h i n i ,  p r o f e s s i o n a l  m e t e o r o l o g i s t ,  i s  a c t i n g  a s  a  

c o n s u l t a n t  on a i r - s e a  i n t e r a c t i o n  and r a d i a t i o n .  

Tn a d d i t i o n  to the above, there is a f u l l - t i m e  secretary and f u l l -  

time o f f  ice manager. 



CIlAPTER V I I  

FILM DATA ACQUIRED FROM MAY, 1969  - XARCR, 1 9 7 0  

E a r t h  R e s o u r c e s  A i r c r a f t  M i s s i o n  9 1  - V e r a c r u z ,  Xex ico  : 

I n s t r u m e n t  
-. -- S i t e  

KA.-62 ( 4  
cameras )  

SLAR 

PS-14 

Type D a t a  R o l l s  -- 

Dup. Tos .  T r a n s p .  2 

Dup. P o s .  T r a n s p .  1 

Dup. P o s .  T r a n s p .  1 

Dup. P o s .  T r a n s p .  1 

E a r t h  R e s o u r c e s  A i r c r a f t  Mi.ssion 96 -- Cabo F r i o ,  B r a z i l :  

I n s  t rumenJ -- S i t e  Tyye D a t a  R o l l s  

RS-14 805 Dup. P o s .  T r a n s p .  1 

Ki1-62 ( 4  
cameras )  305  Dup. T o s .  T r a n s p .  4 

RC-8 805  Dup. P o s .  T r a n s p .  2 


